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MATEMATHKA 


M. A. AJIEKCHI3E 


O CKOPOCTH CXOJMMOCTH HTEPALWMOHHOrO NPOWECCA 
PASHOCTHOPO PEIWEHHA 3AJAUH AMPHXJIE 
JIA YPABHEHHS JIATIJIACA 
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1. B pa6ote (1) BBeqeHo ceMelicrBo onmepaTopoB D,, CcBA3aHHOe C ore- 
paTopom 


Ditey = "fq (Ue, pa 4 Ua, pa + Wea, 7 + Ui, /) 
COOTHOLUC@HHEM 


{ 
Du = Ta (Du ok au). 


OnepaTop, cooTBetcTByroulMi « —1/,, 6yqeT umeTb Bua* 


Di “(Deen ), 


M €fO IIPHMeHeHHe CBOJMTCH K 3aMeHe 3HaAYUeCHHA (pyHKUHH B KaxKJOM y3Jie 
ceTKH cpeqHeapudMeTuyecKHMu 3HaueHHAMH BO y3JlaxX — JaHHOM HM 4 coceJHUxX 


Diy eis (Ur ip er, fag ee, | ee OZ, 


Tak Kak 9TOT OnepaTop He3HauHTesLHO cromHee D, a Wemenue Ha 5 CBOANTCA 
K yIBOCHMIO 4HCIIa M Jemenuio Ha 10, T. €. MepeHocy 3anATON, TO MHTeEPeCHO BEI- 
ACHUTb WeseCOOOpasHOCcTh MpHMeHeHHA OMepaTopa D:);,. Pes3oHHOCTb MOCTaHOBKH 
Takoro BOMpoca NOATBepxKMaeTCA TEM, YTO B OOJIbINHHCTBE CTPOAWIMXCA B Ha- 
CTOAMLee BPCEMA SICKTPOHHBIX WHPpPOBbIX MAalUIMH YHHBepCcaJIbHOrO THMa MpvMe- 
HAeCTCA J@CATHUHAA CHCTeMa CUHCICHHA, YTO, TiO-BHAMMOMY, OOBACHAeTCA LWIH- 
POKOH BO3MO2KHOCTbIO CaMOKOHTPOJIA, JaBaeCMOM ABOMYHO-KOJMpOBaHHOM Meca- 
THYHOM CHCTeMOH HM OTCYTCTBHEM HeEOOXOAMMOCTH MepeBola UMCeI M3 WeCATHUHON 
(POpMbI B ABOMIHYIO M OOpaTHo. J]a TakHX MalWMH onepanua D cocTonT u3 
3 KOPOTKUX HM OHO AHHHOM KOMaHAbI, a onepanua Ds, — u3 6 KOpOoTKHX. 
Otcrofla Helb3d CelaTb BHIBOX, 4YTO WIA MaWMH, Y KOTOPBIX % > 3%) 
(tj — BpeMA BbITIOIHCHHA KOPOTKOH KOMAHJbI — CJIOXKeHHE, CIBUT; tT; — BPeMa 
BBINOJIHeCHHA JWIMHHOH KOMAaHJbI — WeseHve, YMHOXKeHHE), WemecooOpasHee 
MIpHMe€HATb OnepaTop Dy. 

Co6cTBennpie sHauenua K, omepatopa D, CBA3aHbI C COOCTBEHHBIMH 3Haue- 
HuaAMU K omepaTopa D cooTHOIIeHHeM 

K+a 
Te = 1 +a . 

Orciofa, B YaCTHOCTH, CeLyeT, UTO a « > O onepatop D, flaeT cxolauMi- 
Ca mpouecc. Uncnto uTepalun Jit pelWieHHA pasHOCTHOrO aHaJora 3ayauH 
Tlupuxse ua ypaBHenusa Jlanuaca B KBafpaTe Co cTopounon N ¢ TOUHOCTbIO LO 

adore she 
he aoe 

MIpHOM2KCHHO paBHO HaMMeHbIUeMYy WeOMy UHCJy Mm > iano ae rye 


* B pa6ote (1) na crp. 57 omeyaTKH: BCIORy BMeCTO & = 1/5 JOJDKHO ObITh & = 1/4. 


K* —cnexTpasibHat HOpMa (MaKCHMyM MO,yJIA) COOCTBeHHBIX 3HaYeHHH MIpH- 
mMeHaemoro omepatopa, 4 — war ceTkH. IlomHoe BpeMA BbIUHCJICHHH PaBHO 


10-". 8n2 


Ty =F log K* 


(v= Ie (Lat + Lt), 


rue Li — uucno KopoTKux onepanmit, Le — 4Hc0 QJIMHHBIX onepallHi. 
AnaJlorM4uHoO MOXKHO 3alucaTb Asis onepaTopa D, 


log Ge =) 
TS | ea 
log K, 


Ja OTHOWeHHA BpeMeH HMeeM 


L171 + Lot 
Lgty + Late © 


tT = log Ky 
log K” 


Buruncau log K,/logK gua «=1/,; B cnyaae utepanma Puyapycona yaa 


Oonmbiuux NV: 
f 4K* +1 nm? N-2 
init, = ae eel ew ee 
“Tix ee in EE) ae 


Jlerko 0Ka3aTb, 4TO 3TO 3HaveHHe CipaBeAJIMBO H WIA MTepalHOoHHOoro 
ly 0,8 Ly— len 
V2 a Ls — 0,8 Ly ~ 

IIpu aBTomaTu3allMu pelweHua 3aqaun Jiupuxse (°) Ly =—24, Le=1, 
L,=27, Lg=0 u-%/t,=0,1. pn pysnom csete 2, — 3; Loe, 0. 
L,=0 4 %/t = 0,2, T. e. ReseHHe Ha 4 3aMeHHETCA YETLIPbMA CJIOXKCHHAMH 
WM OJHUM TlepeHOCOM 3alATOH. 

2. AcHo, uTo, He uCCeAOBaB CMekTpa COOCTBeHHbIX 3Ha4veHHH D, nemb3a 
MOJIb3OBATbCA OTPHMATEIbHBIMH &, HOO MOXET CIYUYNTLCA,YTO CNEKTPaJIbHad HOP- 
Ma ciepatopa D, clesaerca Gombe eluHuUI. [lostomy B pa6ote (') sHayeHua 
“<0 He paccmaTpnBatTcs. Ilokaxkem, YTO IA UTepalluoHHOrO Mmpouecca J]H6- 
MaHa lIpH «=—1!/, NowyyaeTCA BeCbMa KOMMNaKTHAad HTepallMOHHad CXeMa H 3Ha- 
YHTEJIbHbIM BbIHTPbIL B CKOPOCTH CXOAHMOCTH. 

B paG6ote (*) qoxaspiBaeTcx, 4YTO COOCTBeEHHBIe 3HAYeHHA ONepaTopa D AA 
MPpAMOYTOMbHOH OOacTH HM UTepalWoHHoro Mmpouecca JIH6MaHa paBHbl 


npouecca JImOmana. Jina Ty = Ty nlomyyaem 


TS 


I Tr 2 
= SF | co =| ! cos (= )| (r= 1s:2, nA —— ese 13 li, a 
OHO W3 HanOoJbIMX COOCTBCHHEIX 3HavYeHHH MomyyaeTca pu r= s = 1, 


Tia 6obwuX p ug 
pis nm? (p-2-+ q-2) 2 


Tak Kak BCe COOCTBeHHbIC 3HAYCHHA MOJOKUTEIbHbI, TO AIA & ONYCKaloTca 
OTPHUaTeJIbHbIe 3SHaYeHHA. TlomoxXHTeMbHOCTb BCeX COOCTBEHHBIX 3HaUeHHii 
uTepaltMoHHOrO Mpotecca JIMOMaHa Jala MOBO, K NOWCKaM MeTOJOB ycusleHUuA 
CXOAMMOCTH H MpHBesIa K Oolee COBEPUICHHEIM MeTOJaM uTepaltuu (sKcTpano- 
JMpOBaHHbIM MeToA JIuOmana (*); MeTO mocseqoBaTebHol cBepxpemaKkcalluu 
(*), CoBnawarouelt c skcTpanomMpoBaHHbIM MeToyom JIu6mana B cayuae ypaB- 
Henna Jlannaca; mero rpynmosoli cpepxpenaKcaunn (°)). Jlaa mpoussoubnolt 
oOlacTH Q, 3akI0“eHHOM BHYyTpH O6acTH Q,, B paGoTe (2) NoKaspIBaeTCA, UTO 
ciekTpaibHad Hopma K° (S, Q) mo6oro onepaTopa, mpH6MxKeHHO 3aMens- 
roulero onepatop Jlannaca, MeHbilie uu pasya K* (S, Q,). 
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IIpn « = —!/, nomyuaetca onepatop 
) Dutt, 7 = */s (Ua, i444 + Ue, jab Uita, § + ina, j — Me, 3). 


CnextTpasibHad HOpMa 93Toro onepaTopa B culyyae mHOMaHOBCKOM uTepaunH 
- :paBHa 


+ _ baw +924 
he uae any ar ee 


SanuleM BpeCMA BbIGHCJICHHA, He pa3sJiW4aH KOPOTKHX HU JVIMHHbIX Ollepa- 


Hu: 
: srio=* 
tog (x) 


na Oonbumux N noayuaem 
Ppa EON, RLS, Damon — S (Neda, 


Tan, = 8/4 S(N, 8) (Ly + 1), 
rye 
8-10-"\ N? 
Orciofia HemocpeyCTBeHHO cJleqyeT, TO wTepauua JIM6OMaHa cxoguTca 
B JIBa pa3a ObilcTpee uTepaltun Puyapycona. 
B ta6. | mpHBeyeHbl pesysibTaThl Avia k = 6. 


Ta6muna i 


T Py T Ju6m ly =—'), 
N 
I1=4 Ipc 218 we | [lh Mb Vine IA | al 
10 9-104 + 3,6-105 + 4,9-104 1,8-105 + 4,2-104 7 153-105 
20 2-108 + 8-108 ¢ 108 ¢ 4.108 ¢ 9,4-10° ¢ 3-108 t 
30 AAA Ot 4,4-107 ¢ 6-108 + 22 10% 5,4-108 + 1,7-107 ¢ 


Kak BuyHO, onepatop D_1, tTpeOyeT MeHbllero uNCIa apHdMeTHyecKUXx 
onepalun, vem oneparop D. IJpu apromatusaunu (L, = 24) 9kKOHOMHA BpeMeHH 
3HaUMTeJIbHa. 


Jlerko mpoBepuTb, uTo mupH K* =1/,; onepatop D_:, OyyjeT OOmaqaTb 
TaKOH 2#Ke CxoquMocTbIO, ¥TO HU D, a MpH MeHbIleM 3Ha¥eHHH K* jlaxKe He- 
Hou. IIpu 
CKOJIbKO Ooulee MeVICH p a Oe ee 
aBTOMATH3allHH pellueHHA rpa- 

HMuHOK 3amqauH J\upuxse Ha ea Nao oes 


B9SCM agua K* = 1/3 nosmyuaet- 
CH BP€MA BbIYHCNCHHA OKOO Fan nac—Puuapacon | 1,2-1057|2,2-10°t] 2cN4 +* 
16 ceK., MOSTOMY YMeHbINeHH-  Jlannac—JInOman 6-102 711,1-108t | cN4e 
€M CXOJMMOCTH B 93TOH OOsa- Jlanuac—Jlu6man 


eta K* MoxKHO mpeHeopeub (akcTpanoump.) AVG 108 ae Mo O2 cal noch ic, 
&s ) Jlannac—Puyapacou 
JjaibHeMilee YMeHbIIeHHe % (2-ro Se 4.1027] 4-405] 7cN8¢ 


qo —1/, yBeJIM4HBaeT TO 3HaYe- Byrapm—Pusyapacon | 1,4-107 + | 1,1-108 7 | 2,5cN8 t 
Hue K, mpu Kkoropom D, JaeT Burapm—Puuapzcon 
ME€HDLIYIO CXOJMMOCTD; WIA % = (2-ro mlopsiaka) 5+10° ¢ 10a 8eNes 
=—1/, K,=—1 nesapucumo P 
OT pa3MepoB oOO/lacTH, a pu 
a<—%/, momyyaorca yxKe 
OnepaTopbl, MpHBOAAUMe K HeyCTOMUMBOH CxeMe pellleHHA 3ayaun upuxuie. 
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2-10-6 


"Wiel 


— 


Kis aaa ies 


[last oOnTHMambHoro = &% MOMYYaeM = %nr = ———g—— & — Zs oTcioja: 
WES 
= K* * ome 1— 16d ¢% K an 
Keone = Jo Sanuuiem K* B Buye K* = re orya Cont = 
T_kK* + 1 
k* 
1 — K* * * ; K—1 
=— , KH upn K—>1 pasnocth (K — Ka,,,) >90 cmpaBa Kak oe 
= Ke a9 2 
MoxKHoO noKa3aTb, TO IA 9KCTpanouMmpoBaHHoro MeTogza JIMOmaHa’ 
2—K*—2V 1—K* . ese 2—K*—2V I—K 
KG; == aes Ct es . Pa3HOCTb Keon —— 2 Ka > O 


naa K* u3 unteppana (0,1). Tlostomy «, OMTHMaJIbHOe B CMbICJIe SKCTpanowH- 
poBaHHoro metTojia JImMOMaHa, jaeT OOnBILYIO SKOHOMMIO BPeMeHH, eM %,. 
ONTHMaJIbHOe B CMbICJIe UTepaTopa Dy. 

B pa6ortax (°, 4) 3a uHCIO ONepallMi, HEOOXOQMMBbIX MJiA PCLMeCHHA PasSHOCTHOTO: 


—k 
aHajiora 3amqauH J|upuxme c TouHocTbio 10°, OepeTca HaHMeHbUee Wesm0e 
log (10—* 
Ae (mpegnomaraetcs, uTo |u(M) —uy(M)|<1). ¥qQ06- 
Hee CBA34Tb UMCIO MTepalwMi c HeBxa3kamuH. Torga, mpeqnosarai, 4TO 
lat Oe 0 (M)|<1, nm nocne m utepauui HeBa3KH Oy]yT MeHbIIe, 4eM 
10-, HO TOYWHOCTh pellieHHA pa3sHOCTHOrTO ypaBHeHHA MpH 3TOM OyJeT, MO 
W3BecTHOH dopmyse TepmropwHa, mpu6smusuTembHo papHa 10—*/?/4h?, rye 
{—payuye kKpyra, 3akulOuaiollero B ceOe WeMKOM 3aaHHy!0 OOacTb. 
B Tau. 2 JaloTCH BHOBb MepeCuHTaHHble OleHKH (°) BpeMeHH JIA pelle- 
HHA ypaBHenua Au u AAu c TouHocthIo 10°. 


yucO Mm > 


MucTuTyT TOUHOH MeXa@HHKH H BbIYHCJIHTeIbHOU TeXHHKH Tocrynuuto- 
Axaylemun Hayk CCCP 25) NI 957 


MatemaTuyeckuli HHCTHTyT um. A. M. Pasmay3e 
Axafemuu uayk Tpy3sCCP 


UMTHPOBAHHAA JIMNTEPATYPA 


1 Jl. A. Tioctepuuk, Tp. Marten. uucr. um. B. A. Crexnopa AH CCCP, 20, 49 (1947). 
2 Jl. A. JIioctepuHuk, Yen. matem. Hayk, 9, B. 2, 3 (1954). 3S. Frankel, Math. 
Tables an other Aids Comput., 4, Ne 30, 4 (1950). 4D. Young, Trans? Am" Mair 
Soc., 76, Ne 1 (1954). * R. G. Arms, B.Giei ts; (S:5S7Z onid Ocak: Socss inde 
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Horuaye Akaygemuun nayx CCCP 
1958. Tom 120, N 1 


MATEMATHKA 


M. H. BHUIMK u uien-xoppecnongent AH CCCP JI. A. JIEOCTEPHHK 


ACMMNTOTHKA PEWEHHH HEKOTOPbIX KPAEBbIX 3AJ]A4U 
C OCUMIJIJIMPYIOWIMMH FPAHHYUHbIMH YCJIOBHAMK 


B (*) qaHa acummrotTuka pelleHuli neppo KpaeBol 3aqauu Aa smMnTHYe- 
CKHX YpaBHeHHH Cc ObICTPO OCIHJIJIMPYIOIMMMH TpaHHYHbIMH YCJIOBHAMH (TaM 


*Ke MaHO OMpeseeHHe —-OCIMIMP yIOWUXx (YHKUHH); MOKa3aHO, 4TO B 3TOM 


<myuae MpOXOZHT «BTOopoH uTepallMOHHbI mpolecc» padoTpl (7) H uMeeT MeCcTO 
NorpaHHuHp addexT. B HacTosel padote Oyem pelliaTb aHaJOrMyHBle 3a- 
aun WA HeKOTOPbIX ApyrvxX TuNOB ypaBHeHHi. Mbr orpaHuuHMcaA ciryyaem 
JIMUb JBYX MpOCTPpaHCTBeHHBIX MePeCMeCHHEIX HW JIOKAJIbHO 3a/,aHHbIX TPaHHUHbIXx 
yCJIOBHH, HMeIOWLUX BU MpocToH rapMOHMKH, YMHO?KeHHOH Ha ryialKy1o PyHK- 
WHIO, OOpalllarollyiocA B HYJIb BHE OKPeCTHOCTH HeKOTOpOH TouKH. Ilepexog k 
Ooulee OOUIMM TpaHHUHbIM YCJIOBHAM H f-MePHOMY CJIy¥alo MpPOBOAHTCA Tak xe, 
Kak B (7). IIpH 3TOM MbI HHXKe OMHCHIBAeM JIMIWb NepBEI War «BTOporo uTepa- 
WHOHHOTO Mpolecca»; cleMyIoulve War WM OWeCHKM OCTATOUHBIX YWICHOB IIpOBO- 
ATCA Kak B (7,?). SameruM, 4TO ONHCbIBAeMbIe NOTpaHHyHHle 2pPeKThI BCTPe- 
YyalOTCA, HallpHMep, B ABJICHHM CKHH-3ddekTa, pacpocTpaHeHHA NOBepXHOCT- 
HbIX BOJIH HT. J. 

I. ITlapa6onuyueckue ypaBHeHNsa. PaccmoTpHM B mpocTpaHcTBe 
(x, y, t) Mapadommyeckoe ypaBHeHve Bua 


+ Lan = 0, (1) 


rye Lo,—3IuMTHYeCKuH OMepaTop mo mepeMeHHbIM (x,y) NopayKa 2k 
€ JOCTATOUHO PaqKMMH KOaPPMUMeHTaMH, KOTOpPble MOryT 3aBHCeTb OT xX, Y 
u ¢t. Ilycrb Q—o6nacTb B muocKocTu (x,y) c TaaqkoH rpanuueh I, 
Q— unmunap QXT (T=(—w<t<+oc)) c rpannueht ry = I'xT. Baegem 
B oKpectHocTu I’ KoopauHaTel (0, 0) (7), Tae @— KoopquHata Ha I; p — pac- 
ctosuve ot I no Hopmamu. PaccmoTpHm pelieHve ypaBHeHHa (1) mpu rpa- 
HMUYHBIX YCJIOBAAX 


osu 


s 
on r, 


= A, (9, t)eleitre) (s=0,1,...,k—1), (2) 


rye A; (9, t) —raagxaa wa Ty bynkunsa, oOpaliiatouaica B HyJIb BHe HeKOTO- 
pol oKpecTHoctu. Byjem WCKaTb aCHMIITOTHKy pelleHHaA s3afauu (1), (2) 
B BHye 


== (0; 0, 1) eer rely, 
Flepefijem 8B ypaBHeHwuH (1) K MepeMeHHbIM (0, ©) 4H  Ko3dpHItHeHTbI 
NOwJyYeHHOrO ypaBHeHHA pa3io%KuM mo cTemenam p (1,”). Torga, Kak UM B 
: One 
«popmyvie (5) padorr (1), nomwyaumM Lo,u = exp i (wt + 9) | Men i ; iy) +.. | U 
M ypaBHenue (1) mocme coKpaulenua Ha exp/ (wt + ye) MpHMeT Buy 


[io + Man (5 ex) +--.]o=0. (3) 
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Ms. (5, %) = >, Ay (9, t) GPy2*—P — oHoponuHad opma crenenu 2k c Kosddu- 
IIMeHTaMH, 3aBHCAIMMH oT © HW ¢ Takad, 4TO My, (is, in) >c (e* + 7), 
c>0 (?). 

PaccmMoTpuM TpH cJlyyas: 

1. o—G6omnmee BHICOKOFO NopayKa, sem 2", Hanpumep, y=O(a@"s), 
s>2k (Bp uactuocTu, 7=0). Torga, aenaa 3ameHy t= wll24p, yOequmca 
B TOM, UTO TlaBHOM YacTbIO ONepaTopa, cTosmero cueBa B (3), OyyeT 
iw + a0""/do"* = w [i + a0" /d-"), (—1)"ap >> 0, uw mepBEIM mpHOnmKeHHeM 
K ypaBHeHulo (3) OyqeT ypaBHeHHe 

e2ky 
do SR 


+> 10. ==) (4) 


Oh re 
Ero xapakTepucTuyeckoe ypaBHeHve QA” +iw=0 wMeeT poBHO k KOp- 
He: —)y,..., —Ap, C OTPHUaTeJIbHbIMH BelULeCCTBCHHbIMH YaCTAMH. O6uee 


PeIICHHE Vo a dei (4) Tuma norpaHuyuHoro cmoa OyjeT 
h 


6 = Sale o, t)exp(—A,t) = dc ( o, t) exp (— Azatl2ko). (5) 


2. y= amllk, g = O(1). Lenaa 3ameny t = w!l2%o, mpl 3aMeHHM B TepBOM 
NpHOwIM2KeHHH ypaBHeHve (3) ypaBHeHHeM 


[i + Moy (0/dr, ia)]v = 0. (6) 


STO OObIKHOBeHHOe AudpdepeHuvabHOe ypaBHeHHe C MOCTOAHHBIMH OTHOCH- 
TeJIbHO 7 KkoadpPpHWvHeHTaMH, HU eo xXapakTepucTHyecKOoe ypaBHeHve 
i+ Mop (A, ix) =O wMeeT poBHO & KopHelt: —)y,..., —Ag C OTPHaTesb- 
HbIMH BeUeCTBeEHHBIMM yuacTsMH (7). OOulee pelleHie Up ypaBHeHua (6) Tuna 
NOrpaHMyHOrO CJIOA HMeeT TakxKe BUY (5). 

3. 7 =O(all’), s< 2k. B 3TOM cayyae 3aMeHa t = yp MPHBOAHT K ypaB- 
HeHHIO Mo, (0/0t, 1) U9) = 0, M ONATS (cp. (1)) Homyyaem pellieHve Up THIAa 
MorpanwyHoro CIO” BUa (5) (Cc 3aMeHOH wil2k Ha y). 

KospuuveHTb C; B (5) OMpegzessioTCA OHO3SHAYHO U3 PpaHWUYHbIX ycuio- 
Buu (2). Ilocrpous mepBoe mpuOsMxKeHHe Uy, MBI, Kak B (1,7), CTpoHM cue- 
Aylollue MpHOMKeHHA, pellad aHaJIOrHUHIe 9IeMeHTAapHble TudpepenHuuaJIbHbIE 
ypaBHeHHA HW OWeHHBad OCTATOUHbIe YWIeHBI. 

TakuM OO6pa30M, CUAHAA OCYUAAAYUA epaHnu4Helx yCaoeuti no t uAU No » 
npueodum K noepanuunomy aqdqexmy. AcumnmomuKy petueHusa <Aro6o0e0 no- 
pAOKA MOIKHO NOAYLUMb C NOMOLUIO KeMOpOed UMePAaYLONHOeO npoueccay. 

Il. PunepOomnueckue ypaBuHeHusa. PaccmoTpam, Hampumep, 
nepOoulWuecKoe ypaBHeHHe BTOporo MopsAyKa 


Oru 


ae — Lat = 0 (7) 


B WMsHHape © c rpaHH4yHbIM yculOoBMeM Ha rpaHuue I, 
u|p, = A(g9, ft) efot+r9), (8) 


Ilepexoqa kK KOOpaMHaTaM p, © M MpoBo_A aie KoatpPUuLWeHTOB 


nO CTeneHAM 9, rae Ll. B Buse L,= M,(5., $e) +: 2 epee 


0 0? oO 
M, (5 3) = wl, ere + 2a, (9, 1) ge + (9, t) oe 


ByemM wcKaTb senearonng pelleHua sayaun (7), (8) B Bue u=v/(0, 9, t) x 
<exp [i (wt + y¢)]. Mbl nonyuuM Ja TepBoro NpHOuxKeHUA Uy K UV ypaBHeHHe 


|- @)” — M, (5 , ix)| Up = (— w? + ayy?) — diya, 5 — 45-53 Sealy, (9) 
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Ecam Dy*—ao*= q >0, roe D = a)d,—aj, TO cpequ KopHel xapaK- 
TepicTuyecKoro ypaBHenua (6) OyzeT OfMH — )yY C OTPULaTebHOH BeIecTBeH- 
HOM uacTbio. Emy cooTBercrByeT pellleHve THMa MorpaHwunoro co” ypaBHe- 
HUA (9) Bua Vo = C (9, t) exp(—Axyp), rae Cy onmpegenserca us rpannyHoro 
ycnopua (8): Cy=A. Jlanee cnexyer oOprunbiii uTepalMoHHBI mpouecc. 
Takum o6pasom, npu g>>0 nabswdaemca noepanuunoiti aqoqpexm. 


2 
IIpupeyenHble MocTpoenuA o6o6ulaloTca HW Ha ypaBHenus S + Lou = 0, 


re Ly, — 9AJIMNTHYeCKHH OMepaTop, Mp TpaHuyHEIX ycmoBuax (2), ecaM 
COOTBETCTBYIONad TpanwuHar 3ajaya WIA HUX KOppeKTHa (Hampumep, Lop, — ca- 
MOCOIIPAXKeHHbIN OMepaTop). 

Il. Barpoxfenve 9NMUNTHYECKHUX ONepaTOpOB B IMNuT- 
TuuecKHe. Taka 3ayaua Opiia uccnegoBpaHa JI. A. Toupyenselizepom (*) 
B IIPHMe€HeHHM K TeOpHy TOHKHX yupyrux o6ououeK. 

PaccmoTpuM, Kak B (*), B §§ 6—7, 9mMMTHUeCKOe AuddepeHtnabHOe 
y paBHeHue 
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Lu= >) eLonsst = 0, (10) 


S=0 


AJId KOTOpOrO BCerfa paspeliMMa MepBad KpaeBaad safaua (cM. (?), § 7). 
IlycTb Id COOTBeTCTBYIOWeH O606MleHHOH XapakTepucTuyecKOli CopMbI 7. 
umeem Re x, (ié, in) > 0. 

TpaHvuHpie ycuIoBua 3aylayquM B BYE 


osu 


on® 


= As (9) ef°?. (11) 


Siecb MpHXOAUTCA pa3syMyaTb TPH CuLyuad B38aMMOOTHOLICHHH MEXxKTy w 
Ms, Kak 9TO Jlenan Tompyenpeli3zep B (%), WpHuem BO BCex ciyyanx npUu 
M000M © UmMeeM MECMO ABACHUE NO2ZPAHULHOO CAOA. 

ByyeM uckaTb peeve (10), (11) B Buge u=vexpiwo. Ilepetizem ana 
3TOH UWeJIH BOJIM3H PpaHHbl K KOOPAMHaTaM (0, 9) HM pa3sJlOx%XUM KOSPMMUMeHTHI 
mo cTeneHaAM op. Ilomyuum 


2L 
Os 
Lay = » & Herts (ae ie) se . es 0, 
s=0 


rae Aop+s(&, 7) — OMHOPOAHDI MHOrOoWIeH NopsAAKa 2k -+ s. 

B cayuae, Korga 1/e Oompulero nopayKa, YeM w, NOCTpoeHve MorpaHuyHore 
COA Takoe Ke, Kak B (?), § 7. 

B cayuae, Kora OHH UMeIOT OMHAKOBbIN NOpAOK: we = O(1) = «4, mo- 
Jlarad op = 7, MbI MepBoe TpHOWMKeHHE Vo K U NOJYYHM, peliiad OObIKHOBeHHOe 
ypaBHeHHe C MOCTOAHHbIMH OTHOCHTEJIbHO 7 KOSPMIMeHTaMH 


DS axsitoait. (a i) ei 


CooTBercrTBylollee XapakTepuicTHyecKkoe ypaBHeHHe, B CHJIy JeMMbI 4 us (*), 
uMeeT POBHO k kopHeli: —)y,...,—Ax C OTPHMLaTeJIbHBIMH BellleCTBeHHBIMU 


yacTAMH HW oOwlee pelleHve Ug THNa MNOrpaHwyHOrO CJIOA OyWeT Vp = 
kh 


= So (9) exp (— Azwp). Kosbdpunnenthl c; ompeyeualoTcaA H3 rpaHW4yHbIx yCuJo- 
Bul (11). 

B cayuae, ecu 1/e Menbiuero NopxyKa, YeM @, MepBoe MpHOMKeHHE Uy 
ompewemsetca u3 ypaBHeHua H,+41)(0/Op, iw) =O uM pellleHHe Up THMa Morpa- 
HAYHOrO COA HMeeT MIpexKHHH BAL. 
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IV. Berpoxgenue runepOounyeckoro ypaBHeHHA B Napa- 
6omuuecKkoe. ByyemM, Aa mpoctotpl, ucKaTb B QQ pemieHwe ypaBHeHHA 
Bula 


O7u Ou 
° Gah ap cate 


mp rpaHHyHom ycmopuu (8), rme ¢ Maso BMecte c I/w; Ly, — 91mMnTHYeCKHH 
onepaTop BTOporo nopsyKa. 

Bsoj”, Kak Bbllle, MepeMeHHble p, 9 H MOJaraa u =v(p, 9) exp/ (wt+ 79), 
NOJIYYHM JIA UV B NepBoM MpvOuMxKeHHH 


[- co? + io— Ma (5 , ir)]0 ney} (12) 


Syecb TowKe cileqyeT pasJHuaTb Tpu Cyyaa: 
B neppom ciryyae m>>7?. Torga B kKayecTBe nepporo nmpHOsMxKeHHA 
MOXKHO B38ATb pellieHHe Ooslee mpocToro ypaBHeHHA 


0? 
(— eat + io — ay 5 ar)e = 0. (13) 
CoorspetcTByroulee XapaKTepHcTHyeCcKOe ypaBHeHHe Mp MaJIOM & HM OOJIb- 
WOM © HMeeT OHH KOpeHb —A, C OOOH OTPHWAaTeJIbHOH BeLLeCTBeHHOH 


YaCTbIO WH Up == C, (9) EXP (—Ay0); Uo ABAHEMCA pewlenuem Muna noepanuuHoeo 
CAOA. 

B Apyrux culyyaax, T. e. Korgqa w = O(y?) un Korga w = 0 (;?), MeHHeTCA 
BU, ypaBHeHHa (13), onpesesAioulero NepBoe MpHOMKeHVe Vo, HO, No-npex- 
HeMy, OHO OonycKkaem pewenue muna noepaHuxnoeo caon. Ilepexoy K cule- 
AYIOULUM MIpvOJIM2KeHHAM COBeplliaeTCA Kak OOBIUHO. 


Tloctynuno 
10 II 1958 


HWMTHPOBAHHAA JIMTEPATYPA 
1M. HW. Buuruk, J. A. JIioctepuuk, JAH, 119, Ne 4 (1958), 2M. He. Bu 


muxk, Jl. A. JiIioctepuuk, Ycn. MaTem. Hayk, 12, B. (77) (1957). -* A. WI. Poms 
mheuBpeusep, Toukue ynpyrue o6on0uku, M., 1953. 
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Hornagn Akanemun HayrK CCCP 
1958. Tom 120, N 4 


MATEMATHKA 
M. MW. JAHWJIIOK 


OB OTOBPAXQKEHH AX, COOTBETCTBYIOWHX PELJEHHAM YPABHEHUWM 
IJJIMNTHYECKOPO THA 


(ITpedcmaeaeno axademuxom M. A. Jlaepenmoesoim 16 XII 1957 ) 


1. Hue paccmarpupalorca HekoTopbie reomerpHueckue cBolicrBa peryssap- 
| HbIX pelleHHH CHCTeMbI AudPepeHiMasbHbIX ypaBHeHHH MepBoro MopsyKa, mpH- 
| “HajlekalileH SJJIMNTHYeCKOMy THMy WU MpHBeeHHO! K Buy * 


U,— Vy = A(X, y)u+O(x,y)v, Uytv,=c(x,y)u+d (x,y) v, (1) 
a TaKKe 9/JIMNTHYeCKUX ypaBHeHHH BTOporo MopsasKa 


a2U eu . aU 
Ay (X,Y) ae + 281 (%, ¥) Ox Oy + €1 (x, y) Oy? +3 
0U 0U 
+ Dy (X,Y) Ge EW) Ge + Pi y) U = 0. (*) 
Cuctema (1) 9KBHBaJleHTHa OJHOMY ypaBHeHHIO B KOMIVIeKCHOM 3amucu: 


af 2. i 
ae MAG YI+B(x, y)2, 


4A=(a—d)+i(e+b), 4B=(a+d)+i(c— bd), (2) 
eCJIM BBeCTH OOO3HaueHHA Zz = x + iy, 2 = = . +i s fF Saga ios 


Kak nokasbiBaioT mpuMeppi ("), oTo6paxkenua, cooTBeTcTByIollNe Auddepeu- 
IWHaJIbHbIM CHCTeMaM Bula (1), MoryT ObITb BHYTPpeHHUMH (no CrolimoBy), OMHakKo 
MOrYT HM pe3KO OTJHUATbCA OT BHYTPeHHHAX. C Apyrok cTOpOHbI, MPH NOMOLIH 
 CpeJCTB HW MeTOJOB, CO3AaHHbIX B padoTax 1H. H. Bexya (?, *), MoxKHO NOCTpouTb 
pemenua ome cucTempr Buga (1), Malollue BHYTpeHHHe OTOOpaxKeHHA 
HEKOTOPOH OCTaTOUHO MaJIOM OKpecTHOCTH TOUKH Z = 0. Tlomb3syacb STHMH Me- 
TOJaMH, Mbl MOKaxKeM B HACTOALMLeEH 3aMeTKe, YTO MPH HeCKOTOPHIX MpesnosoxKe- 
HHAX Ha KOXpPPuUMeHTHI a (x, y),..., d (x, y) cucTempr (1) NocmeqHAA HMeeT B 
OOOH (OHOCBA3HOM) OOaCTH peWICHHA, OCYWIECTBJIAIONIHe BHYTPeHHHe OTOO- 
paxKeHuaA e€€ Ha HEKOTOPbIe PHMAHOBbI NMOBepxXHocTH. AnaJOr 3STOH TeopeMpr 
MM€eT MeCTO H JIA ypaBHeHHa (*). 

2. IIpu momouyu ofHoro KOH*OpMHOrO OTOOPakeHHA CIYUAaH MPOUSBOJIbHOU 
OOacTH MpHBOAUTCA K Cyuaro eMMHUUHOTO Kpyra K. Jlomyctum, yTo PyHKkwnn 
a (x, y),..., d (%, y) aHamMTMUeCKH 3aBHCAT OT JEHCTBHTCJIbHbIX APFYMECHTOB X, Y 


B 3amKHyTom Kpyre K. IIpogomxKum cbynkuun A (x, y), B(x, y) B oOnacTh 
KOMIWICKCHBIX 3HaUCHHH x, Y H ClesmaeM MOACTaHOBKY Z = x + iy, C = x—iy, 


Tak uTo z= C, korma x, y JelcTBuTebHbI. J[onycTuM, 4TO MbI TOJIY4HM ana- 


JIMTHUECKNe B 3AMKHYTOM eMHHUHOM OullumuHApe K,x Ke byuxunu A (z, C), 
B (z, ©) WBYX KOMMUIeKCHBIX apryMeHToB Z, C, copnaaroulne c A (x, YU), DB tee vf) 


Ha WlocKocTu L: z= ©. OGosHayan 3flecb HW B NocweAyIouleM aHaJUTUYeCKyIO 
byuKumo f(z, C) uepes f* (z, C), 3ameHum ypaBHeHue (2) Gouee oOutuM: 


AED =A OIEO+BEOF G2, (3) 


ry S$.) (3 
KOTOpoOe COBMayaeT C MCXOMHbIM Ha TOM 2%e MIOcKOcTH & (*). 


* Oyo BcnOMoraTebHOe KBa3HKOHPOpMHOe oTOSpaxKeHwe MpuBoyuT kK Buy (1) Takxe 
cucTemy, y KoTOpoti Audpepenumasbuaa yacTb ecTb cucTema BewbTpamn. 


2 B3axas 296 a 


Teopema 1. B cdenannolx npednosoxceHuAax eceeda cyiwecméytom peule- 
Hua f =u+iv ypasHenus (2), KoMOpole ocyWjecmeAsIoOM BHYMpeHHUue OMmo- 
6parxteHia COUHULHO2O KPYea HA HeKOMOPYIO PuMAaHOeY NobepxHOcmo. 

Tloxka3ateapcTso. IIpexge Boero Mp NOMOMIM MOACTaHOBKH 


F (2,0 =F(z,Ca(z,0), a(z,6) =exp \ Az, 0) dt, (4) 


rye « = \A(z,C) dt o6o3HayaeT HeKoTopyio nepBoo6pasHy!lo0 ot A(z,¢) no 6, 
ypaBHenve (3) mpHBoquTcA K Oomee MpocTomy Buy 


at \ 


FED —C@QF G2, Ce) = Ble Jexp\| AG 2de—l AZO ah. 


(5) 
Kak nokasaHo B paGote (7), § 10, oOmlee mpeycTaBseHHe BCeX peryJsAp- 
HbIX pelleHHit ypaBHeHua (5) JaeTcA opMy,10H: 


z 


F2ZQ=9@+\M@Gt0)9 Od + 
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Pe Zo, Z,— moOble (puKcupoBaHHble TOUKU Kz; Co, &; — mtoOblIe (PHKCHPOBaHHble 
rouku Ky; 1, (z,6,t,*), T,(z,6,¢,+) — Tak HasbIBaeMble Pe€30JIbBeHTbI ypaBHe- 
Hua (5), roulomMopdHbIe Mo BCeM CBOMM apryMeHTam; z,t€ Kz; €,t€ Ke; 9 (z) — 
rovOMopibHas Mpou3sBoIbHad dbyHKunA. M3 Hawux mpeqmouoxKeHHH cuepyer, 
4YTO B 3€MKHYTOM OnlMIHHEpe Az X Kr 1,12, paBHo Kak WM UX YaCcTHbIe mpo- 
Y3BOJHbIe, aHaJINTHUHbI HM HelpepbiIBHbI. Ec o (z) — Mpou3BOJIbHad rouoMopip- 
Haa B K, cbyHkuua, To dbyuKuua f (z,2z), rye / (z,0) onpezenena mpv momo 
tpopmyt (4), (6), yqoBmeTBopseT ypaBHeHHto (2) B Kpyre Kz. 

Vgex oka3aTembcTBa COCTOHT B TOM, YTOObI] pH NOMOWIM NoO_Xo_Auero 
BbIOopa dyHKUMH (2) oOOecneyHTb BHY.TpeHHHH xXapakTep oToOparxKeHHuA 
w= F (z,z), rge F (z,¢) onpenennetca no (6). JloctaTouHbIM 1a 9TOTO ycs0- 
BHeM SABJIAeTCH HeOOpallleHve B HYJb BHYTpH K skOOMaHa OTOOpaxeHna J, 
KOTOPBIH, KaK JI€CfKO MpOBepHTb, MOKeT ObITb 3allHcaH, C YYeTOM ypaBHeHHs 
(5), B Bue 

) 


(2) =| 


er 


TP, (2,5, 20,2) 9" () dt, (6) 


2 OF \2 OF OF 
of SE (eB RE 
dz dz Oz 
Ucesneqyem pasnoctb Jy. Tak KaK B CJlydae aHavIMTHUeCKUXx (yHKUMA Nos- 
craHopka ©=z uM AudiepenunpoBanHe 10 ¢ cyTb MepecTaHOBOUHble onepaliun, 
TO 9Ta pasHOCTb, B CHJly (opMy.bI (6), MOxKeT ObITh 3anHCcaHa B BHe 


J (Z) = a, (Z) — @g (2), 


sn =| @ AIF). 


/ 


rye Zz = 


OTs (2, 2, 2 > ¢ 2, 
+\ A (<) de|—|C(2,2)| |e (@) +4 Ti Bt, be) oft) (dt) + 


Co 


o 


2 


+\ Tr, (2924254 T) o” (t) dt |. (8) 

Ze 
JlasibHehiuve npeoOpasopaHusa COCTOAT B TOM, UYTOOBI OLLCHHTS yMeubilae- 
Moe 0, (2) CHH3y, a BbIuHTaeMoe ,(z) cBepxy. JIM 9TOTO NomOmKUM Z% =— 1, 
so = — 1 H OlleHMM MpeZBapuTebHO ONWH WS BXOJAINX B ay WHTer pasioB. 


Npegqnonaran MHTerPpHpOBaHHe PaCMpOCTpaHeHHbIM MO MYTH, COCTOALLeEM U3 OT- 
pesKa J€HCTBUTeIbHOK OcH [— 1, x] M BepTHKaJIbHOTO OTpe3Ka, COeAHHAIOULeroO 
TOUKH (x, 0) uM (x,y), NOmyuum 
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———————————— 


z 
or t, —1 
Lote OO dl 


= 


Canoe eer 
\ ee hee atid 


38 1 A 1 1 1 
i ar, 7 le oo | : le gy le Y le 
<( | |S2/ ax ‘why + {{ dy) (\ie@)Pdy) , (9) 
Sail il 0 0 
ecJIM BOCHOJIb38yeMcA He€paBeHCTBOM B yHAKOBCKOrO. Tlonoxum TeENMepb 
(2)'= ote, 7 _ (10), 
rye N — uHekoroppili nonoxMTesbHbIM YucmeHHbIi napaMeTp, BeJIMunHOK KOTO-. 


poro MbI pacnopayuMcsa BloceycTBuM. Torga us HepaBeHcTBa (9) NOJIyunM 
(x — HekoTopas’ mocTosHHas): 


2 = x Is AY Ie 4 
Ory (225 t, —1 5 
\ Se o(t)dt|<x (( erie) -|- (\eveay) | = 
re —1 0 
4 } 1), 
=» [gar (Ns em enyth + et] yh] : 
= nex [sv ai a ae es p= even, (N, x,y), (11) 


rye ompeyesenHad NocseqHuM Tox ecTBOoM (dbyHKuHA py, (N,x, y) Mpa yocraTou-- 
HO OombuioM NV paBHOMepHO orpaHwyeHa B €HHMYHOM 3aMKHYTOM kKpyre, Tak: 
Kak 1+ x>0O. Ananoru4uHo OleHHBalOTCA HM Apyrve WHTerpanbl, BxXOAUHe. 
B dopmy.y (8), Tak uTO HMeeM ' 


EAN Oe TF (12)° 


@ 
eros —1, 0 
\ (2, ies o o” (t) dt 


—1 
re u2(N, x,y) oOnayaeT CBOHCTBaMH, aHaJIOTMYHbIMH CBOMCTBaM p,. Odos3Ha- 
yan ele x; = max|T,(z,z,—1)| u ucnonmpsya (10), (11), (12), nonyuum: 
26K 
ay (2) & eN* | N — fq + wi (NV, X,Y) + a (MN, x, y)} |. (13) 
B cwuly OTMe4CHHBIX CBOHCTB (PYHKUMM vy, Ug OYCBHAHO, 4TO BbIOMpad ma- 
pametp N yocTaTouHO OOJIbLIMM, MbI yQOBJIETBOpPHM HepaBeHCTBy 
N — {% + ba (N, x,y) + U2 (NV, x, y)} > 0 (14) 
BO BCeM e4HHHUHOM Kpyre K. 
Ilpouspeqa avaorMuHyio OMeHKY CBepXy JIA BbIYHTaeMOFO ws, BXOJAIMLero 
B (popmyly (8), MowyuuM 


O, (2) << MeN* {1 + ps (NV, x,y) +a (NV, x, y)}, (15): 
rye o6osHayeno M = max|C(z,z)|, a yHKIMM Ys,¥4 TO. CBOMM cBOlcTBaM 
zeK 


aHaJIOPHUHbI (PYHKUMAM 4, Uo. 
Takum o6pa30M, yBesMuMBad, B CJlygae HafOOuocTH, ele pas napametp NV, 


MbI 4OObemca Toro, uTo cbyHKkuMA N — (%, + y+ Me) —M (1+ 3+ Ya) Oy- 
eT MOJOXKUTebHOM B 3aMKHYTOM Kpyre K, a us (8), (14), (15) monyuyum 
Jy (2) = (2) — 2 (2) > eN* {NM — (1 + tr + Ye) — M (1 + Bs + b4)}- 

Takum oOpa3o0M, pa3HocTb Jj, a Cc Helo M AKOOMaH (7) OygyT Bclony BK 


NOJOKUTEMHBI, Tak U4TO oOTOOpaxKenud w= F (z,z), roe F(z,¢) nocrpoena 
mo cbopmyviam (6), (10), OyayT BHyTpeHHUMH, eciM Mapametp NV mpeBocxoqur 


HEKOTOPy!O BeJIMUHHY. 
Bepuemes Tenepb K (popmyvie (4) M foKaxkeM Teopemy B OOmLeM cayyae. 


NY 


Boruncisa no dopmyse (7) AKkOOvaH OTOOpaxKeHHA W =f (z,z), momyuuM 
Ja (2) =( a i (53 ! FS |\al—|AaF + BaF |), (16) 


Oz i | Oz dz 
ecm yuTeM ypaBHeHve (2). Kak uM BbILe, Ae CBOAMTCA K OMeHKe BXOJIILEH 
B (16) pasHoctu. YMeHbIlaeMoe OLeHMBaeTCA CHM3Y: 


a Oe da |. OF da 
a +e Sl >lal|| || SllF i> 
>lale’*(N — Ga + tr + ia) — MCL +o + Had}, oo 


aHalorwuHO Bxo_Ael B copmyy (7) pasnoctu, M, %1 — HeKOTOPble MOCTOAH- 
Hble, 3aBMCALLMe TOKO OT KOZP(pHILHEHTOB CHCTeMbI (1); Y1, f2, Ug, Ys MO CBO- 
uM CBOlCTBaM aHaJlOrMuHl (pyHKUMH Y,. BeluuTaemoe B (16) oleHuBaeTca CBepxy: 


| AaF + BaF |<|a|M,|F|<|a| Mye%*{1 + us + pa}, (18) 


rye M,—ueKkoTropaa mocTosHHaa, aHaorM4gHo (pyHKUMH @2(z). M Tak Kak 
{a| >a) >0, a =const, B cumy ompezenenna (4), To us omeHoK (17), (18), 
Kak WM mperxkye, clleqyeT, uTO aKOOMaH J, (Z) B 3AMKHYTOM eJMHMYHOM Kpyre 
CTporo MoO*KUTeNeH, ecm yncIO N B3aTb WocTaTOuHO OoubIuuM. Teopema | 
MOMHOCThIO JOKa3aHa *. 

3. Teopema 2. Ecat Koagdduyuenmo ypaenenus (*) ANaaumuU4Hol no 
Octicmeumenonolm ap2yMeHMamM X, Y 6 3AMKHYMoti OOHOCEASHOLL OOAACMU G 
uu moeym Ooi’ npodoarteHbl KAK AHAAUMUYEeCKUe yAKYUU no ZU TF 6 OuyUuAUK- 


Ope G:X Gz, moeceeda cywecmsyem KomnaAcKCHOsHauHoe eco petueHue W = f(Z,2), 
Komopoe ocyiuecmBasem 6HYMpeHHee OMOOpanceHue OOAACMUG HA HeKOMOpyYtO 
pumanosy noeepxnocmo. 

4, OGcToATembcTBa, B CHJTY KOTOPbIX cucTema (1) uMeeT BHYTpeHHHe OTOO- 
paxkeHuA, a TakKe MOABIEHHE «CKMAOK» WIM Jlaxke MOHOTO BbIPOKTeEHNA MPH 
OTOOPaxKeCHHAX, COOTBETCTBYIOIUX CucTemMaM Bua (1), reomeTpHueckH MOTryT 
ObITb OObACHEHHI CO CuIeLyrouleH OOmleH TOUKH 3peHHsA. 

U3 ypapuenua (3) clenaem mpexye Bcero culeqyromlee 3aKsIIOUeHHe: WIA TOTO 
yTOOb! MpowomKenHe f (z, C) m06oro peryaxpHoro pemenua f (x, y) ypaBHeHuA 
(2) c anamuTHueckuMH No X, y Koadpunuentamu A, B ** B oOacTb KOMMJICKCHBIX 
apryMeHTOB Z, C 3aBHCeJIO TOJIbKO OT OHO KOMMIeKCHOH MepeMeHHO! z, HeEOO- 
XOJMMO WM JlocTaTouHO, 4uTOOHI cucTema (1) Opla cucTemolt Kown — Pumauna. 

Ec, TakKHM OOpa30M, MbI He HMeeM JeJla Cc STHM BbIPOXKTCHHBIM CIyYaeM 
cuctemp (1), To, u3y4ad OTOOpaxkeHHa, elf COOTBETCTBYIONINe, MbI H3y4aeM, Mo 
cyulecTBy, OTOOparxkenue mviockoctH L: z= C B MpocTpaHcTBe KOMMVIeKCHBIX 
MepeMeHHBIX 2, ¢ mp Nomoun dyHKuni f (z, C) WByX KOMMVIeKCHEIX MepeMeH- 
HbIX, YROBMETBOPAIOILHX ypaBHeHuto (3), H o6pa3 060% OKpectHocTn U B n0- 
CKOCTH Z IIpH OTOOpaxeHHH TocpelcTBOM OGo0ro pelwleHus f cucTempr (1) ecTb 
MpOekKUHA HEKOTOPOH aHaluTHYeCKOH MoBepxHocTu U’= f (U) B uerpipexmep- 
HOM MpocTpaHcrTBe (W, W,) Ha KOOPAHHATHYIO W-IJIOCKOCTD. 

B 3aksoueHve BbIparkalo HCKPeHHIOIO MpHsHaTembHocTh MW. H. Bexya 3a 
BHUMaHHe kK paOoTe H IeHHbIe COBETHI. 


Matematuyeckuit uuctutyT um. B. A. Crexnosa Iloctynusno 
Axkajlemun nayxK CCCP WIP IES) Sy7/ 


UMTHPOBAHHAA JIMTEPATYPA 


*b. B: Wla6éat, Yor Mare. wayne, 1 me (1957). ? HW. H. Bexya, ‘Matem. 


coopx., 31(73), 2 (1952). 3 HW. H. Bex ya, Hossie mero c - 
a y eTOAbI PCMCHHA SIHNTHYECKHX ypaB 


* ; 
IIpu Tex xe npeyqmonowennax Teopema 1 CMpaBeAIHBa HW JIA OOMMX JIMNTHYeECKHX 
c<ucTeM mepBoro NmoparKa. 


** B sTOM CuJlyuae pellenne f(x,y) TOxKe avamuTHYHO TO Ky (A)eSrto). 
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Hoxrnaane Akajemun nayrx CCCP 
1958. Tom 120, Ne 4 


MATEMATHKA 


VW. M. JIEPEHJSEB 


O METOJE XOP]i, TLOCTPOEHHBIX TIO Y3JIAM UEBDIWIEBA 


(ITpedcmasaeno axademuxom A. H. Koamoeopoeeim 7 I 1958) 


Jloka3aTebCTBa CXOAMMOCTH M3BECTHEIX MpPHOJIMKCHHBIX MeTOJOB pelmenns 
Pa3JIMUHbIX KJIaCCOB HEJIMHEHHbIX ypaBHeHUH: MeToJa HpioToua (kacaTeJIbHBIx) 
M MeTOa xopy — OnuparoTca Ha CxOZHbIe PopMyvipl. Ja metoja HptoToua Ta- 
KOH POPMYyJION ABJIACTCA OLCHKa OCTATOUHOrO WieHa psa Teopa, Wa MeToya 
xop — oueHKa oOCTaTOYHOrO WIeHa HHTePMOAWHOHHOK dbopmybl Hbrwrtona: 


f (x) =F (m0) — PSE x — x) |< max |’ | -|(@— me) (@— aH), (A) 


2 


~ 5 @ 
rye SK BH ROS IMI (io, ay, He); == ak Kos Xi ay: 


Metoy xopy, O2HakoO, OOulajaeT OombUeH rHOKOCTHIO, YeM MeTOR HbtoToHa, 
BCJIEMCTBHE TOTO, TO HB HalleM paChOpAXKeHHH OCTaeTCA CBOOONa BbIOOpa Y3JI0B 
VHTepnoJIALHH. 

B ocHoBy BCero JaJIbHeHIMero MOOXReH OAM CHeUHaJbHbIM CyUal BHIGOpa 
Y3JIOB HHTCPNOJIANMH, MPH KOTOPOM HMCeTCA BO3MOXKHOCTh YJIYYLWIHTb oOuMe 
_ OWHKM MeTO,a HprwToua uM KJIaccHyecKoro MeTOjla xopd. 

IloacHuM OCHOBHYIO Hero UCCIEOBaHHOrO HaMH MeTORa. CxOMMMOCTb MeTOa 
xoph GyeT Tem GpicTpee, ueM MeHbIUUe MpaBad uacTb oeHKH (A). 
_ Mpr ocTuraem 9Toro TeM, YTO 3a Y3VJIbl Xo, X; IPHHHMaeM HYJIM KBapaTHOroO Mo- 
_smuoma UeGOpnuepa. Kak H3BeCTHO, MpH TaKOM BbIOOpe MHTePMOJIAWHOHHbIX 
y3JI0B KBafpaTHbIit NOHHOM |(x — x,) (x — x,)| HaMMeHee yKJIOHAeTCH OT HYJA- 

B jlaJIbHelilieM HYJIM 2), 2; KBapaTHoro nowMHOMa UeOpimesa MIA oTpes- 


Ka [x, x] Oynem Ha3bIBaTb Mpocto y3mamu UeOnumesa. 
Jlemma 1. O6osnauum uepes I 06 r2acmb m-mepHozo a6KAUCOGA Npocmpan- 
cme (Xi QxXi Qi, i= 1,...,M) u 4epes zy, 2 —Yysror Yedouuecea OAA om- 


| peska (Xz, xi]: 
Zoi = */a (2 + Vx: a Pee V 2) seals 
2,= Val(2—V2)4e+ (24+V2)x:) G=1,...,m). 


TIycmo f (x1,..-, Xm) — HenpepoleHan emecme C es gynkyuan @ I, emo- 
pole npouseodnele Komopoti oepanuueHel 6 obnacmu I: 


Lace whe Mi (Cenhicaul yes o psirrt) 
Ox,0X, Neigh 
U 6bINOAKSIOMCA HepaseNcmea x; —x;<Q2r (i= 1,..., m). 
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Toeda Onan nobolx x; us o6nacmul 6yoem umemb oyenky 


(f Oy <n 4m) = 1 oe eee) 
m 
Lh Mens ai ee (zene 


21 02 


< (2m —"/4) mKr’. 


PaccmMorpyM pellleHve HeIMHeliHOro MHTerpaIbHOrO ypaBHeHHs C OrlepaTOpOM 
¥ pbicoHa: 


i=] 


j 


1 
x(s)—\K Is, t,x (f)] dt = (1) 
0 
Ilycrb pemenne x*(s) sTOrO MHTerpaJIbHOrO ypaBHeHUA CyllecTByeT B OOJIa- 
cm 19 (\x(s)—%|<ro, OSs, F< 1), re Xo, 79 — NOCTOAHHEIE. 
Ilorpe6yem, uTo6p aqpo K (s,¢, x) YAOBMeTBOpANO CMeLyIOWHMM YCJIOBUSIM: 
a) apo K(s,t, x) HempeppiBHo B O6sacTH J, (|x (Ss) —X%|<(1 + 4/2) Fo, 
O<s, t<1), rye uncIO a onpezeneHo HuKe; 
b) mpousBoguaa K,y(s, t,x) Hempeppipna u wMeeT B /, OrpaHHyeHHyio pe- 
30mbBeHTy | Rxy|<B; 
c) | Kw(s,t,x)|<K B o6nacra Jy. 
TlocmeqopaTesIbHble MpvOsu2xKeHHA OyeM HaXOQUTb H3 JIMHeMHbIX HMHTer- 
paJIbHbIX ypaBHeHHH: 


I 
asa (8) —\K IB, t, Xn (1) Ltnsa (€) — 28 (ON dt — 


0 
aL 


—\Kis, Po Hapa MSO ey (2) 
0 


= K [s, t, A (| —K Is, t, 2 (0) 
, ite fl t PP SS STS a ae 
rye ITS, Cr en teh ain) (i) — in) (i) 


Kpupple x = 2° (t), x = 2 (f), ABUIMioMIMecH WMHuAMH y3n0B Ue6pmuesa, 
HaxOWATCA 0 PopMyviam 
n 7 9- a 
2 (8) =Ya(2xn(t)—raV2, AL) =Val2en(t) + rnV 2, a= (GZ) To. 
Teopema 1. Ecau é6oinoanenot ycaoeun a), b), c) u, Kpome mozo, cnpa- 
BeONUBO HepaseHcméeo 
a=(B+1)Kr,<4, 


mo nocredogamearbHocmb {Xn (S)}, Onpedenstemaa us ypasHenutt (2), cxodumca 
* 

*« pewenuto x" (Ss) ypaeHenus (1), eOuncmeenHomy 6 oOaacmu I). CKopocmo 

cxodumocmu npu amom xapakmepusyemcsa oueHKoli 


xn (8) — x" (9) |< (4) ro. 


OSparumcs K pellleHiO CHCTeMbI OObIKHOBeHHBIX WMdpPpepeHUvasIbHbIX ypaB- 
HeHul. [lonbsyacb coKpallleHHOH 3amMcbio Np MOMOLIN BeKTOp-PyHKUMH, Oy eM 
MMC€Tb BM€CTO CHCTeMbI OHO BeKTOpHOoe ypaBHeHHe 


Ngee hg AN (3) 
rye x(t) =[x,(t),..., x», (¢)] —ucKoMaa m-MepHast BeKTOp-pyHKuMA oT 7, 
Tey e114 (Eee ee (¢, x)] — qanHbili BeKTOp, Mpu HayasbHOM ycuIOBuA 


x | t, = Y- 

Ilycrb, mo onpeyenenuio: a) |x| = maxx;, b) y>x, ecam Y,> Xx) 
Leen cas, TEL). 
pe, 


TocneqoBatesbuble NpHONWKEHMA Xqp1 = 
3 SHH ypaBHenun: 


ee Or Oe) a) Oa 0, na), (4) 
rye ®,1, (¢) — auueiupli onepatop, uMelouMii MaTpuly 


(Xn44,1>+++)Xnta, m) Ompenessem 


HERE AEG oo HENDON EONS 26 eral d- Aue De Vndne unas 2 lle” , 
| [ee a ————— Cyr mea 
li Oi 
JIunwu y3ion Uedpiuesa 2”) (t) = (2), . nora) n 2x0 (0) == (208) ees) 


OMpeeJISIOTCH H>Ke. 
IlycTb u3BecTHbI [Be BEKTOP- pyAKuHH Xo, X) TaKWe, YTO Ha MouycermeHte 
(to, ty]: 
X9 << Xo, Xo lt. = Xo lt = Yo- 


O603HayHM Xo = 1/5 (Xo +X), To = Yo (%) — Xo). 


Tlorpe6yem, uroObl ripaBad yacTb ypaBHenus (3) yqoBmeTBOpAa ycOBUsM: 
1) dyHKunu I (¢, x) HempepbIBHbI BMeCTe C NepBbIMH MpOM3BOHbIMU 
Of; / Ox, (i, R =1,...,m) B oOOnactu R, onpesennemoit HepaBencrBamu 


[x¥—%o| <1 max Yad?) Tol: ly <t<hi, 


M, Kpome Toro, 
Of; - 
eS a (Oe arte Ea): 
a 
/ 2) BTOpble MpOvM3BO/HbIe OrpaHvyeHb! B OGMacTH R 


OF; 
Ox, OX, 


Oi (BURNS el, AROS 


3) B OOsacTH R BHINOMHAeTCH HepaBeHCTBO 
| exp[m(u—?t)L]<M, th<tcuch. 


Ecau 0603HauuTb 
n—1 aay 
n (2) = | (2m — =) mKM |r| (¢ — 49) |?” | I (htt — nytt . 
r= 


TO HHUA y30B UeOniumeBa ompeyesioTtca mo PopMyviaM 


Zui) (£) = "fo [2Xnz (¢) — dn (4) 70) V2, 
Zire) Saale Letne () on (t)|7o|V91 
G1 im, == Nye) 


JloKasaTesIbCTBO CXOJ[MMOCTH MOCeROBaTeIbHbIX MIpHOMMKeHHH oOnMpaeTcH 
Ha CJI@YIOULyIO JIeMMy. 
Jlemma 2. J[aa cmpemaenua K HYAO UUCAOGOLL NocAeOOBaMeAbHOCMU 
n 
Let ar fa eae 
PG era Sat RO Aisa R72 5 eran I AI 
M1 gt—1)" 


k=1 


20€ A, fy — NoAoocumMeAbHole 4UCAA, OoCMaAMO4LHO, UMObbL 4UCAO a YOOBAeEMEO- 
pAno Hepasencmey 
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Tounoe sHaxenue — paeHo npedeay HeKoMopoli noca~edosamedoHocmu: 


1 
Epel| ae 


e = lim [ere — 1) TI (2 oy 


n+ oO Bea 


Teopema 2. ITpu eoinoanenuu ycaoeut 1) — 3) u ycaoeun 


a(t) =KM|r\(t—t) <q 


NocAaedosameAbHole NpuoAUIKeHUA, ONpedennemole us ypaeneHull (4), cxodamca 
K peuenuio ypaeHenus (3) CO CKOpocmbto, xapaKmepusyemol OYeHKoOU 


| x* — Xn| <n (E) | Tol: 


Pewenue ypasnenusn (3) eouncmeenno 6 o6aacmu Ry (Xo *X< Kes bo laseia 


PaccmoTpenublii METO] MOXKET ObITh IPHMEHEH K PeIeHHIO BCeX KJIaCCOB ypaB- 
HeHH, KOTOpbie pellatoTca MeToqamu Hprotona wu Uanapiruna, Halpumep, 
alreOpavueckuX WM TpaHClleHJeHTHbIX, HHTerpo-LuppepenUna/bubIxX, ypaBHeHHi 
B YACTHbIX MPOH3BOHBIX. 

B cayyae ofnoro AudpepeHuuabHOrO ypaBHeHHA MepBoro NOpsALKa ycuo- 
Bue 1) MoxkeT ObIT OcIaOIeHO: MocTaTOUHO NoTpeboBaTb df/dx< L. Metoxcopep- 
2KUT Ooslee ca6oe TpeboBaHue a < 4 No CpaBHeHHio C MeTOZOoM HbtwrToua, rye 
a<2. laa qudbbepentiuatbHoro ypaBHeHHA 9TO YCIOBHe 3aMeHAeTCA emule Sosee 


cia6pm a<4)/6. Baarogzapa stomy oOmeruaeTca nOAGop Haua/IbHBIX MmpHOvIH- 
XKeHHH, H MeTOX MOXKeT MPHMeHATbCA B KOMOMHAMU C MeTOOM HbioToHa Kak 
nepBbi War B BbIUMCICHHAX. ; 

CkopocTb cxXOAHMOCTH MpHOMxXeHHH MpeBbilaeT OBICTPOTyY CXOAHMOCTH 
metofa Hprotona B ycnosuax VW. IT. Mpicopckux (°). 

laa fuddepenuwalbHbElx ypaBHeHHH OWeHKa CKOPOCTH CXOJHMOCTH COB- 
mafaeT c oleHKou, TanHoli E. B. BoponoscKont (?) qa ModuuKalMu MeTORa 
C. A. Uanapiruna, nocTpoeHHol C NpHMeHeHHeM JIMHCHHbIX NOJIMHOMOB Hauwly4- 
mero NpHOsMKeHHA. 

B mpumenenun K LudiepeHinasbHbIM ypaBHeHHAM MeTO){ He COep KUT Tpe- 
OOBaHHA 3HAaKOMOCTOAHCTBA BTOPOH MpOH3BOZHOM. 


Ilepmckuit ropupiit Tloctynuso 
HHCTHTYT 7 I 1958 
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MATEMATHKA 


A. M. HJIbHH u O. A. OJIEMHHK 


O NOBEAEHHHM PEWEHMM 3ANA4UH KOUIM JIA HEKOTOPBIX 
KBA3HJIMHEMHbIX YPABHEHUM MPH HEOPPAHHYEHHOM 
BO3PACTAHHH BPEMEHU 


(ITpedcmaéaexo axademuxom H. [. Temposcxum 10 I 1958) 


_ B pa6ote uccneqyercaA nopeqenue pemennit 3aqauu Kowu ia KBasnanuelt- 
HOrO WapaOomMuecKOro ypaBHeHHA C JBYMA He3aBHCHMBIMH TepeMeHHBIMH, a’ 
"ak2Ke MOBeMeHHe OOOOMIEHHHIX pellieHHH 3aqaun Kown WA KBa3usMHeHHOrO: 
paBHeHHA MepBoro NopsAAKa NpH t—> oo*. Mp orpaHHuHMcaA paccMoTpeHHem 
ypaBHeHHu Bua 


Ou Op(u) _—«» OP 
BI nei aan e>0 (1) 
Ou 0 (u) = 
yFEAGLana emis (2) 
LBJIAIOULHXCH MOJeCJIBHbIMH JIA ypaBHeHnit ra30Bonu AWHaAMUKH. Bonpoc oO IIo- 


BeeHHH pelleHHA 3aqauH Kowu upn t—oo Wa ypaBHeHua Bua Ou/dt = 
| e 0?u/Ox® + F (u) paccmotpex B paoote ('). Jaa ypapuennii (1) wu (2) mpy 
(u)=w?/2 u mpH HavalibHOH (byHKiMu, CyMMupyemMoH Ha BCel OCH, 9TOT 
BOTpoc M3sy4eH B padoTe (?). 

Mot 6yeM paccMaTpuHBaTb pellenua 3saqauu Koum aa ypapuenuit (1) u (2) 
IB TloulynmockocTu t>0 c HavaJsIbHbIM yCJIOBHeM 


tiny = to (2X), OOS <0, (3) 


ue Uy (x)— orpaHHyeHHad u3smMepuMad cbyHKuHA. J[oKa3saTebcTBO CYILeCTBO- 
BAHUA, CMHCTBCHHOCTb HM CBOHCTBAa 3THX pelleHHH M3JI02%KeHbI B (°). 

l. Bynem mpegnonaraTb, 4TO o©(u) WMeeT HelNpepbIBHbIe IMpOM3BOAHbIe 
HeTBepToro nopsgKa, 9” > w>> 0M UTO Uy (xX) > u_TIpw x ~>— Oo UH U(X) > Uy, 
ipH x—> + oo. Jloka3aHo, uTo cyuectByeT B R{t>0, —w<ix<+oo} 


prparisentias dyuKkuna u.(t, x), yOBsJeTBOpAoOUad ypaBHenuio (1) npu t > 0 
1 TIPHHUMalollladt HayasIbHble 3HaueHHA (3) B cmaOom cmbice (cM. (8), crp. 35). 


Teopema 1. JTycmb u_>Uu,, OaA Uy (x) Cywuecmeyiom UXMeeparol 
e ER a 
\ (Uo (x) — u_) dx, \ (Uy (x) — u,) dx (40) 


0 


| cymma ux paeHa A. Y paenexue (1) umeem eOuncméennoe pewenue u. (x —Kt),. 
pacucsuee moacbko om x—Kt, ede K =[9(u,)—9 (u_)]/[u,—Uu_], 
He makoe, “umo 


i) 00 
\ (I) =) Oe \ (ue (x) —u,)dx = A. 


* Ha ory 3anauy o6patua name BHuMaHuHe H. M. Tenpdang. 


IIput—>2 | we (x —Kt)—u.(t, x)|—>0 pasHomepHo omHocumeAbHO Xx. 
Ecau OAS uy (X) 6biINOAHEHbL OONOAHUMENbHbIE YCAOBUA 


ae 
\) (to (2) — 44) dx 


x 


< Me™", << Mice (4) 


| (up (x) =u.) dx 


APU HeKOMOPLIX NOCMOSANHOLX % >O u My >0, mo 
(iu. (4 — Ki) — u(y | ee 


Onn ecex x ut, ede B>0, Mz >0—nNexomopole nocmoAHnole. 

Cuayana JoKaxem Teopemy | AA (Bax [bl HenpepbiBHO AudepeHuupyemMon 
<pyHKUMH Uy (x) MpH ycoBAN, 4YTO u)(x)—>O0 mpH x—--0e HM u(x) orpaHH- 
yeoa. B sToM cylyyae, Kak MOKa3aHo B (*), u.(t, x) HeMpepbIBHa HM orpaHuyeHa 
Bp R BMecTe CO BCeMH MpOH3BOXHbIMH, BXOfAIMMA B ypaBHeHue (1), Hu pu 
t>0O 9ToO ypaBHeHue MoxKHO JudpepenuupoBaTb m0 x. Teopemy | yocraTouHo 
mokasaTb upH K=O. JlelicrpurembHo, cqemaem mpeoOpasoBaHue KOOpAMHAaT 
x—Kt=x,, t=t,. B Hopbrx nepeMeHHbIX ypaBHeHve (1) 3amullerca B BHe 
Ou | Oty + Og, (u) / Ox,;= O?u/ Ox], THe 91 (u) = 9 (u) — Ku u, ceqoBaresbuo, 
91 (U,) = 91 (u_) 4 Ky=0. HoxkasatembcTBo TeopembI | Np sTAxX Mpesnoso- 
XKCHHAX OCHOBaHO Ha CJle/{yIOWMX JIEMMaXx. 

Jlemma 1. JTycmo u(t, x)—nenpepolenan dynkyusn @ R, umeiwasn npu 
t > 0 npou3z6odnole Ux, Uz, Ux», UNycmb npu u(t, x) <0 6olnoaNAemcA YyCaosue 
¢0°u / Ox? — Ou/ Oot + a(t, x, u)du/Ox+c(t, x, u)u<O0, ede a u Cc —oepa- 
HUUeHNoIe @yNKyuu u c<O npu u<d. Ecau u(0O, x) >0u u(t, x) > 
> M(t) Vx2+ 1, ede M(t)—Henpepoienan dyxxyus, mo u(t, x) >0e R. 

C HNOMOLbIO ITOH JICEMMbI YCTaHaBJINBalOTCA seMMbI 2 u 3. 

JlemMa 2. [pu x-—>-+- co pewenue u.(t, x) sadauu (1), (3) cmpemumca 
-COOMBbEMCMBEHHO K U, U U_ PABHOMEPHO NA KaCOOM KOHeLNOM NnpomercymKe 
u3meHenusn t. 

Jlemma 3. ITpu x>-+-co Ou./0x—>0 pasHomepno Ha Kaxc00oM KOHe4- 
HOM npomeocymKe usmenenus t. 

JlIemma 4. Jus aib0e0 t>0 u npu anwbom x cywecmeyiom uXmeepaarel 


ae 
\ (u-(t, x) —u_)dx, \ (u.(t, x) —u,) dx. 


x 


HokasatebCTBO STOrO YTBep%KeHHA, HalpuMep, AIA MepBoro nuHTerpasa 
OCHOBaHO Ha TOM, 4TO (pyHKUMA v.(t, x), KOTOpad yoBeTBopseT B R ypas- 
HeHuto Ov/0t + 9(u) —9 (u,) = 20° / Ox? uw HayanbHOMy ycmoButo v, (0, x) = 

x 


— \ (uy (x)— u_)dx, mpu mo6om ¢t>0 crpemutca kK Hy0 pH x—— oo 


mM uTo Ov. /O0x =u, (t, x) —u_. 
Jlemma 5. ITpu awbom t >0 
4 ne 
\ (ue (t, x) —u_) dx + \ ele, x)—u,) dx =A. 
—o 0 
ITO paBeHCTBO ycTaHaBNNBaeTtca pudbepenuupoBaHvem no ft ero seBoit 
yacTH C yyeTOM ypaBHenua (1) u memM 2 xu 3. 
JIemmMa 6. ITpu x—+—co u, (t, x)—-u_ u npu x— +00 
U,(t, X)—>U, pasnomepno no t ue (t>0, O0<e<1). 
Ja WoKasaresberBa 9TOM MeMMbI CHayasla yCTaHaBAMBaeTCA, TO (byHkiaH 


‘A Sa 
Gad ie eee \ (u(t, x) —u_)dx un 0, (t, x)= \ (u.(t, x) —u,)dx papnomep- 
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Ho 10 ¢ He CTpeMATCH K HywIO pu x—>-oo. IIpu stom v_(t, x) ouenn- 
x 


BaeTCA CHu3y PyHKUveH w, = \ (uz (x +c) — u_) dx — 64, rye c — gocraTouHo 
—oo 

Oolbliad MOCTOAHHaH, a cBepxy (byHKiveli w, = Mze%*+6, rae Mz >0 

WM a; > (0 —HekoTOopble NocTosHHbIe, 5 >0 —npou3BobHO Manoe 4duciIO, TaK 

KaK U_—@, HM W2,—VU_ YOBJICTBOpAIOT ypaBHeHHAM, JJIX KOTOPbIX MpHMeHuM 

mpuHuun makcumyma. Iipu mio60om ¢>0 oOu./Ox<c;, HW MOSTOMy M3 yKa- 

3aHHOrO yTBepKCHHA Ist VU, H V_ clemqyer memma 6. 

Jina WoKasaTebcTBa Teopembi | npxa K=O c nomonIbIO npeqbymux 

x 

JICMM YCTaHaBsMBaeTCA, UTO Z(t, x) = \ (u. (t, x) —u. (x)) dx yqoBneTBopsxeT 
=D 

ypaBHenuio, AIA KOTOpOrO CMpaBeIMB MpHHUMM MaKCHMyMa, M JA BCeXx 

x ut >O BbINOHAeTCA HepaBeHCTBO 


| 2. cE, a) | <8 + Me-Pt—20(x) (5) 


rae M, 8, «—uHekoTopble MOMO%KUTebHbIC YHCa, 3aBucaMHe oT 6; 6 >0— 
TIPOM3BO/IbHOe Maloe uncso; 8 (x) >>O—HeKoTopad noy_xomaliuM o6pa30m 
BbIOpaHHad (pyHKuMA. Ecsm BbIMoOHeHb! ycuoBua (4), To (5) cmpaBeyIMBO mpu 
6 =0 u Hexotoppix M, «, 8. Tax kak O(u.—u,.)/Ox<(C, mpa Bcex t, TO 
M3 (5) cieqyeT yTBepxeHHe Teopembl | npu ruaqKol tbyHKUMU Uy (x), YHOB- 
JICTBOPAIOWeH yKa3aHHbIM BbILWIe ycoBuamM. Jina MOoKa3aTebcTBa TeopeMbI | 
TIpH MpOMSBOJIbHOH OrpaHHYeHHOH w3SMepHMOH (PyHKUMH Uy (x) NOcTpouM mMocse- 
-AOBaTeIbHOCTh TaqKUx PyHKUAA ur (x), yAOBMeTBOpPAIOMIUX yKa3aHHbIM paHee 
-+00 
yCJIOBHAM, HU TaKy!0O, 4TO \ | tuo (x) — ur? (x) |dx— 0 mpu n—> oo, Yunrerpas (°), 
—oo 
-+oo 
-UTO JIJIS COOTBETCTBYIONIMX pelieHHi sagqaun Koum \ | we(¢,. x) — u(t px) ax 
—oo 
+0 mp n->oo u Ana mo6oro ft, H NOMb3yACb yxKe TOKa3aHHOH Teopemon | 
aa PyHkKuMH u(x), NOJyYM MoMHOe AOKasaTesbCTBO Teopempi |. 

Kak lOKa3bIBaloT IIPHMepbl, CyNleCTBOBaHHe HMHTerpasioB (4’) aABJIAeTCA Cy- 
ICCTBCHHbIM YCJIOBHEM JIA CIpaBeJIHBOCTH Teopempr 1. 

Teopema 2. IJlycmo u,=u_=a. Hpu t—>co|u,(t,x)—a|—-0 
pasHomepHo Onn ecex x. Ecau| uy (x) —a| < Mye-%! npu nexomopulx a, > 0 
u M, >0, mo Ona ecex x u t>O0 

[u.-(t, x)—a|<M?| Int |, (6) 


ede M>0.u B>0— nocmosnanote. 

Ja jloKa3aTembCTBa TeopemMbI 2 UcMOMb3yeM cCuJIeqyIoulee MpeoxeHve: 
CCIM Uo (x) > ul (x), TO WA COOTBeTCTBYIOMIMX pemleHul saqayH Kou (1), (3) 
BbINOJIHAeTCH HepaBeHCTBO: u(t, x) >ul(t, x). Ilycth ul(x)=a-+ 20 mpu 
x<—N, w(x) =a+d npn x>N u u(x) >uo(x) pa Beex x. Torga 
atk) < U} (t%). Hos ,mo rteopeme 1, |ul(?, x)—a|<38,,ecm taT 
u T joctaTouHo BenuKo. CmreqospatembHo, mpH t>T u(t, x)\<a-+ 36. 
AnaslorMuHo Mouyyaem oleHKy cHH3y. OuenkKa (6) ycTaHaBJIMBaeTCA Ha OCHOBe 
U3yueHHA 3aBucHMOocTH 7’ oT 6. 

Teopema 3. JTycmo u,>>u_ u H (s) — dyxkyua, sadannan paserncmeom 
s = 9' (H(s)) npug’ (u)<s<9' (u,), H(s) = u_npu s<o'(u_) wH(s) =u, 
npu s>'(u,). Toeda pewenue u.(t, x) sadauu (1), (3) pasHomepxo no x 
ue cmpemumca K H (x/t) npu too. 

Jin WOKa3aTesbcTBa TeopeMbI 3 yCTaHaBJIMBaeTCA JIeMMa: 

Jlemma 7. J[na ao60z0 8 > 0 cyuecmeyem N (8) >0 maxoe, amo | u, (t, x) — 
—u_|<dnpux—o' (u)t<—Nu|u,. (t,x) —u,|\<dnpux—o’ (u,)t on. 
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Tlomb3ysacb 9Toli memMoil, yTBepxeHHe Teopemb! 3 mpu o’ (U_)<* ft<o" (a) 
JlerKO TOJYYNTb, pacCMaTpHBad ypaBHeHve, KOTOpOMy  YAOBJeTBOpAeT 
ue (t, x) — H (x/t). 

2. Pacemorpum o6o6mleHHoe pelenve u(?, x) 3aqaua Kom mpu t >.0 Ans 
ypapuenua (2) ¢ Haya/bHbIM ycloBnen (3). JloKasano (°), YTO Ue (t, x) u(t, x) 
mp ¢—>0 B KaxkjoH TOoUKe HempepbiBHocTH u(t, x) H YTO MHOMKeCTBO TOYCK 
pasppipa u(t, x) Ha KaxkgoH mpsmoi t=f,>0 He Oomee YeM CYETHO 
(cM. Tak>xxKe (°)). 

Teopema 4. IIycmb u_>u,, 


\ 


eo 
(uy (x) —u_) dx + \ (Uo (x) — u,) dx = A, 


u(t, x)— pewexnue sadauu (2), (3). Tycme s(x) =u_ npu x <x) u s(x) =U, 
npu X >> Xo, e0€ X» ONpedeneno mak, 4mo 


0 =,00 
\ (o (x) — u_) dx + \ (s(x) -—u,) dx =A. 


Toeda npu t-—>co |o(x—Kt)—u(t, x)|—-0 pasnomepno no x ene o62acmu 
Xp» —8<x—Kt<x +4, ede 8 >0—npouseonronoe wucao, K =[9(u,)— 
a (w_)] i [tis u_). 

Dra TeopeMa yCTaHaBJIMBaeTCA C MOMOMIbIO JIeMM 5, 6 H HEKOTOPBIX CBOHCTB 
u(t, x), MpHBeqeHHEIX B § 6 pa6orpl (*). 

Teopema 5. Ecau usu, wu u,(*) =u. np xa Oe) Se 
npu x > WN, 2de N>>0—nexomopoe uucao, mo u(t, x) coenadaem c qynk- 
yuell o(x —Kt), onpedenennoti @ meopeme 4, npu t >T, ede T —xexomo- 
poe 4ucao. 

Teopema 6. Ilycme u,=u_=a. Toeda \u(t, x) —a\— 0 nput—co 
PQBHOMEPHO NO xX. 

OTa TeopeMa OKA3bIBaeTCA C MOMOLbIO TeopeMb! 5 aHauOrHyYHO TOMY, Kak 
Teopema 2 fOKa3aHa C MOMOILbIO Teopemp |. 

Teopema 7. JIycme u_<(u,. Toeda u(t, x) paeHomepxo no x npu 
t—+oo cmpemumca Kk dynkyuu H (x/t), onpederenxoti 6 meopeme 3. 

Ota Teopema cyleqyeT u3 Teopempr 3 uM cxOomuMocTH u.(t, x) K u(t, x) 
mpH ¢—+0. 


Iloctynuso 
10 1 1958 
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MATEMATHKA 


Axanemuk A. HW. MAJIBUEB 


CTPYKTYPHAS XAPAKTEPHCTHKA HEKOTOPbIX KJIACCOB AJITEBP 


MakJleHHoM (*) ObiIH HaliJeHbl yCJIOBHA, KaKUM OJDKHa yJOBMeTBOpATb 
oOOMad KaTeropuxA, YTOOBI OHA Obila H30MOppHa KaTeropun Bcex aGeeBbIX 
nodiyrpynn ¢c HyJiem. B Oomee cneuvabHOM TeopuH KaTeropuli cTpyKTYyp 
eCTECTBEHHO, Hapsiqy C OOUIMM H3OMOpPv3MOM, pacCMaTPHBaTb UM Oovlee cnellH- 
aJIbHBIM BAL MSOMOp(u3sMa — CTPYKTYPHY!0 2KBUBAJICHTHOCTb. OcHOBHO! WeJIbIo 
HaCTOAMeH 3aMeTKH ABJIAeTCA HAaXOKMeHHe YCJIOBMM, KAaKHM JlOUKHA yOBWJe- 
TBOPATh KaTerOpuA CTPyKTyp, UYTOObI OHa OblJla CTPyKTYPHO SKBUBaJIeHTHA 
noyksaccy KJlacca alreOp (uKCMpoBaHHOrO THNa, MYJIbTHIIMKaTHBHO 3aMKHy- 
TOMY HM cOfepxKallleMy nNOfamreOpb! cBoux amreOp. Huxe Bclogy ucnoub3y1oTrcar 
TEPMHHOJIOPMA MW pe3yJIbTAaTbI 3aMeTKH (*). 

1. Ilycrb L — Kakas-sm60 noyKaTeropua KaTeropuu cTpyktyp K B cMpicue (*) 
u 46K. Cuctemy smemMeHToB cTpyKTypb! Y HasoBem L-cBOOORHO, ecu 
JkOO0e OTOOpaxKeHve 9TOM CHCTeMbI BHYTPb Mpow3sBoNbHoK L-cTpyKTyppr B 
MOXKHO MposOMKUTH WO romomopdusma Y% BB. CrpyKtypa Y Oyer HaspiBaTHcs 
L-cBoOomHOK, ecru YEL u ecu BY cymectByet L-naoTHaa L-cBos6oqHaAr 
CHCTeMa 9JIEMeHTOB. Orciofla culeqyeT, uto L-cBOOOJHbIe CTPYKTYPbl, OGJIajaro- 
me L-nuioTHpimu L-cBoOOJHbIMM CHCTeEMaMH OJMHAKOBOM MOLHOCTH, H3OMOpdHEI. 
SaMeTHM Tak2Ke, UTO eculH L ABAAeTCA PeryJIAipHbIM, OPPaHHUeHHbIM, MYJIbTH- 
IIMKaTUBHO 3aMKHYTHIM KJIaccoM cTpyKTyp, To B L cymectByroT L-cBooosHble 
cTpyktypp! c L-nuoTHpmmn L-cBoOoJHbIMH CHCTeMaMH MIPOMSBOJIbHOH MOLLHOCTH. 

Ilogxateropuio L xkateropun ctpykTtyp K ycJiOoBuMca Ha3biBaTb Fr OMO- 
MOPpPHO 3aMKHYTOH B K, ecau romomopdpubi oOpas L-crpykKTypbl 
B K-cTpyktType ecTb L-nmoyctpyktypa moculeqHeh. By em ropoputb, YTO cucTema 
gmeMeHTOB S cTpykTypbl Y9 aBsIaetTca L-nopowkAatouleH CHcTeMOHM JIA Y, ecu 
9 ne cofepxur L-noxctpyktTyp, cowepxauyux S MW OTJMYHBIX OT Y. 

Jlamee Bcloy paccMaTpyBaloTtch JMUIb KaTeroOpuw CTpyKTyp 
C CHAbHBIMM TNOACTPYKTYypaMH, T. e. AMIIb Te KaTerOPHu, B KOTOPbIX 
TOMOMOp(H3M B NMOACTpyKTypy ABJIAeCTCH TOMOMOpH3MOM B CTpyKTypy. 

Teopema 1. [Tycmb Kkameeopua cmpyxmyp L eomomopqdxHo 3amKAyma 
e cede u codepacum L-ceobodHwle cmpyKmyYypol npouseoAbHott motuyHocmu. To- 
20a Kameeopua L oepanuuwena, peeyasnpHa, nepeceuenue sooo cucmemol 
L-nodcmpyxmyp L-cmpyxmypot au6o nycmo, aubo ecmo L-nodcmpyKmypa, 
6CAKAA nopos#cOarluwan cucmema anemeHmoe L-cmpyxmypot AeanemcA 6 Het 
naomHott u noarnoiti npoobpa3s L-nodcmpyKkmypo. L-cmpyxmypo Y npu eomo- 
mMopdrHom omobpancenuu na Y L-cmpyxmypor B ecme L-nodcmpyxmypa 6 B. 

CrpyKtypy % yculOBuMcs Ha3biBaTb L-cBoOOJHO IMKJIMYeCKOH, ecu Y OOsa- 
jaet L-maoTupim L-cBo6oqubim 3leMentom u 9% EL. Torga, ecm KaTeropua L 
cofepxut L-cBpoOoqHo waKmMuecKy!Io cTpykTypy, TO BcAkad L-cpobogHnas 
cTpyktypa Oyyer L-cBo6oqHoH Kommosnivelt L-cBoOOHO WMKJMYeCKHX. 

Ormetum cuJleqyroulve cilyyan, Kora MIOTHbIe CHCTeMbI ABJIAIOTCA NMOpOx- 
jaroulumu. CoBokyMHOCTb 3/leMeHTOB KaHOHHYeCcKorO OOpa3sa K-cTpyKTYpbI B ee 
L-penmuxe sipusetcs L-nopoxmaioule B penumke. Ecam K-crpyxtypa % co- 
nep»xur L-cBo6oquyio cucTemy avieMeHToB S, To J MOx*KeT COfepxKaTb He Oosee 
oyuol L-noyctpyKtypbl, B KoTopolt S asnaseres L-noTHon cuctemoit. [lostomy 
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L-cpo6oquaa crpyKTypa L-nopoxpfaetca cBoeli L-nno0THot L-cBo6o,HoK 
CHCTeMOH. 

2. Tlo anasorum c Teopue rpynn, cucremy {M,} MoMHOXKeCTB HEKOTO- 
pOro MHO2KeCTBa Ha3OBeM OK aJIbHOH, eCM MOO0e KOHEYHOe MOAMHOXKECTBO 
snementos v3 UM, wexut B MO_xo_smem nmoyqmMHoxKectBe M,. Kareroputo 
ctpyKtyp K Ha30BeM a QUTUBHOH, ec OObeMHEHHE JHOOOH JIOKaJIbHOK 
cuctembl K-nogcTpyKTyp mpou3BombHo K-cTpykKTypbl sBasetca K-noncTpyK- 
typoli. K-nuotHyio cucremy S 9JleMeHTOB HeKOTOpoli cTpyKTypbl Y% Oyjem 
HagpiBaTb K-pHHUTAapHO MAOTHOH, ec OOOH 9aemMeHT Y JeKUT 
p K-nolctpykType, cofepxKallleH MoAXOAAlly!o KOHedHyIo YacTb S B KayecTBe 
TIOTHOH CHCTeMBI. 

Teopema 2. Bcakuti eomomopipHo-samknymoltl 6 ceOe Kaacc cmpyKmyp 
K, codepocauuti K-ceo6odnle cmpyxmypet c K-ceobodxemu K-durxumapxo 
NAOMHbIMU Cucmemamu «AN0O0t 3a0aNHOL moUUHOCMU, ABAREMCA ADOUMUGHOLM. 
B peeyaspnolx addumusnolx Kkaaccax K K-ceododxee K-naomuole cucmemot 
anemeHmos cmpyKmyp seasiomca K-quxKumapHo NAoMHolMu. 

Viz usomopdusma K-cpo6oqubix ctTpyktyp c K-cBo6ogHbimMu K -mJIOTHBIMH 
CHCTeMaMH OJMHAKOBOM MOMIHOCTH CJIeqyeT, YTO ecm cymlecTByeT K-cBOOOlHaA 
cTpyktTypa c K-cBo6oqHoK A-:buHuTapHO MJIOTHOM CHCTeMOM MOIMHOCTH m, TO 
Beakaa K-cBo6oquaad A -mJIOoTHad cHcTeMa MOIHOCTH m OyfeT (CHHHTapHO 
TIJIOTHOH. 

3. TIpegqnosox*xuM, uTo B KaTeropuH crpyKTyp L umerotca L-cBoOo,Hple 
cTpyKtypp! c L-nuoTHpim L-cBOOOJHbIM MHOXKeCTBOM, COCTOALIMM U3 soOoro 
(puKCMpOBaHHOrO §=KOHeYHOTO) «yHCyIa §=6avIeMeHTOB. O6Oo3HauHM cCHMBOoJIOM Vy, 
L-cBo6OOAHY!O CTPYKTYPY, CHMBOJIAMH Una (ET; 1, 2,...,2€T,) ee 3nemeHTHI, 
H3 KOTOPBIX MYCTb Unz,..-,Unn OOpasyroT L-naoTtHy1o L-cBoOogHy!o cHCcTeMy 
BV, (n=1,2,...). Onpenemum Tenmepb Ha Kamwyow L-ctpyKType Y% cepuio 
onepaunt Dry (X1,.--,%n) (@EL,; n=1, 2,...) caeqyromum oOpasom. Ilyctp 
Qy, ---, A, — MOCJEACBaTeJIbHOCTh 9/IeMeHTOB 9. Ilo ycmoBuio HalijeTca 
M TOJIbKO OJMH romomopusMm s crTpyKtypbl Vz BY, AIA KOTOpOrO VS, = aj 
(i= 1,...,m). Ilo onpegenenuto, nonmaraemM Dng (Q,..., Qn) =0°,. Orcioga 
BHJHO, UTO eCJIM Ha OMHOM WM TOM Ke MHOxecTBe M B3ajyaHbl JBe CTpyKTYpbl 
% u B, TO 3Hayenve BbIPaKeHHA Ong (Qy,---, An) (Qy,.-.,An,€ M) B YW Mower 
6bITb HHBIM, HexkeH B YS. Ognako u3 onpeyeseHua culelyeT, uTo ecum B ectTb 
L-noyctpyktypa Uw a,...,@, MpHHaniexat B, To sHauenve Op, (a), ..., An) 
B Wu B B ofHO u TO Ke, T. e. ONepaunn O ycTOHUHBHI OTHOCUTeENbHO 
mepexoga K L-nay- u L-noycrpyKtypam. Jlanee, onepauuu Op, COX paHaAWwrT- 
C@ MpH TOMOMOp@usMax, T. €. eCIM o—romomopdu3sm L-crpyktypp 
B L-crpyktypy %, To 


(Dro (Gy; - 2+ + An))? = Ona (GF, oe 5@®) (Ay, «00 An GW). 


Orciofa cJleqyeT, uTo ®-onepalluH WHBapHaHTHbI OTHOCHTebHO mepexoja 
K IIpsIMbIM MIpOu3BeeHHAM. 

Teopema 3. Ilycme eomomopqbno-samKnymasn 6 cede Kameeopua cmpyK- 
myp L codepocum L-ceobodxele cmpyxmypu c L-q@uxumapxHo naomaoimu 
L-ce0b0dHolmu cucmemamu sroboti mowrxocmu. ITpu amux ycaosuax noOmno- 
acecmeo 3 anemenmoe L-cmpykmypot % moeda u monrekKo moeda AbARemMcA 
L-nodcmpyxmypoti 6 %, Koeda oHO 8aMKHYMO OMHOCUMEABHO ecex Onepayuti D. 

Secb O-3amMKHyTocTb 8 O3HayaeT, YTO JIA BCeX Qy,...,Q@, 23 B uMeem 
Oa. 5 Gn) CS 

4. Kareropuio crpyktyp L 6yeM Ha3bIBaTb KaTeropveli c L€ TUMBIMH 
rOMOMOp(pH3MamMM, ecJIM JWI smoOoro romomopdu3sma so L-crpyxtyppr YW Ha 
L-ctpyktypy % u moOoro oro6paxkenua 9 crpyKTyppl & B L-crpyxtypy © 
M3 TOO, YTO G@ eCTb FTOMOMOpPpu3sM, cuefyeT, 4YTO © eCTb TOMOMOpdH3M. 
JlerkKO BUyeTb, YTO KaTeropHeli C JeMMbIMH TOMOMOpd@u3MaMU ABJIAeTCA IO6ON 
KJlacc asre6p. 
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Teopema 4. Ilycmb kamezopua L c Oeaumomu ecomomopmusmamu code p- 
oeum L-ce0600Hw1e cmpykmypet c L-guxumapxo naomvoimu L-ceobo0nolmu 
cucmemamu Arbo motwnocmu. Toeda ecaKkoe omo6 pancenue L-cmpykmy pol A 


se ee B, coxpansowee D-onepayuu, seaaemca ZOMOMOPQDUBMOM 
Ye 


Kareropuu K, u K, HasbiBaiorca v30mMop(ubimu (4), ecu BO3MOxKHO ycta- 


_HOBHTbB B3aHMHO-OJHO3SHAYHOe COOTBeETCTBHe v MEXTY QJICEMCHTAaMU (rOMOMOp- 


(busMamu) K, uv Ko, SBumIOULeecsd H30MOptbu3sMoM MmpH paccmotpenuu K, u Ky 
B KaueCTBe YaCTHYHBIX MOyrpynn. B curyyuae KaTeropuli crpyKTyp 9TO OsHayaer, 
uTo M3 Ky-CTpyKTypbl C OJHMM OCHOBHbIM MHOXKeCTBOM MmpaBHso ) OumKHO 
NOSBOJIATb CKOHCTpyupoBaTb K,-ctpykTypy, Boole roBops, c pyr aM OCHOB- 


| HIM MHOXKECTBOM KH W3 kaxk oro roMoMopdu3sma Ky-cTpyKTyp CKOHCTpyHpoBaTb 


TOMOMOp4sM COOTBEeTcTByIOWMX Ky-cTpyKTyp, OGviaqaioumi HalmexKanumu 
AONOJHUTeIbHBIMM CBOvCTBaMH. Jin Hac OyfeT Ba>KHbIM clleyroulee Oowee 
*KeCcTKOe MOHATHE CTPYKTYPHOH OKBHUBAJIEHTHOCTH KaTeropuit. 
Kareroputo crpyktyp AK, Mbl OyJeM Ha3bIBaTb CTPyKTYpHO SKBUBaJIeHTHOL 
KaTeropu cTpykTyp Ke, eC 3aaHo MpaBHio p, nosBommIOMee AIA Kax LOH 
Ky-CTpyKTypbl OJHO3HayHO ToctTpouTb K,-cTpykTypy c TeM Xe OCHOBHEIM 
MHOKECTBOM, eC MpH 9TOM KaxkbId TroMomopdu3m K,-cTrpyktypp: YW 
B Ky,-cTpyktypy 8 6Oyyer romomopdusmom YY BBY nu ecau cymecrByer 
oOpaTHOe MmpaBuyIO Cc COOTBeETCTBYIOWuMM cBOlicrBamu. V3 Teopempr 4 Tenepp 
HeMOcpeACTBeHHO TosyyaeTCA Takoe CyeACTBHe. 

CnenetBue. Kascdaa Kkameeopua cmpyxmyp K c Oeaumoimu 2eomomop- 
gusmamu, codepscauan K-ceobodnole cmpyxmypol c K-durxumapro naomHomu 
K-ceodo0Helmu CucmMemamu NpoUus6oAbHOLL mMOLWHOCMU, CMpYyKMYPHO aKeu6a- 
ACHMHA HeKOMOpOU NoOKaMecopuu KaMeeOpUuU eCeX AAeeOp HAadAEesCaWeeco muna. 

JleHcTBHTeIbHO, BbIllie ykKa3aHo, Kak K-cTpykKTypy oOOpaTuTb B aureOpy 
Tuna {®,,}. O6o3Hayum uepes Ky Kjlacc BCexX Tex avIre6p, KOTOpble 9THM 
CHOCcO6OM MOXKHO MomwyuHTb us K-ctpyxtyp. Teopema 4 moxka3biBaeT, 4TO 
COOTBETCTBHe Mexyy OObekTamu K uw K, B3avMHO-OJHOSHaYHO HU YOBJeTBOPAeT 
yYCJIOBHIO COBMaeHHA TOMOMOpP(H3MOB. 


5. Ilogxateropnio L xKatTeropuu crpykTyp K OyjeM Ha3biBaTb KBa3u- 
cBOOoRHOH BK, ecau L coqepxKuT eMHMUHYyIO CTPyKTypy, MYJIbTHMIMKA- 


-THBHO 3aMKHyTa B K wu K-noyctpyktypp L-crpyktyp saBsasiotca L-crpykty- 
-pamu. Ilogxateropuio L G6yfem Ha3bIBaTb CBOOORHOH B K, ecm ona 


KBa3HCBOOOHa HM TOMOMOpd@HO 3amMKHyTa B K. Corsacno teopeme Bupxroda 
BCAKaA CBOOOMHAA WOfKaTeropua KaTeropHH Bcex asreOp duKcHpoBaHHoro 
THNa eCTb Kslacc alreOp, XapaKTepH3yeMbIH CHCTeMOH TOKJECTB, T. e. MIpH- 
MMTHBHbIN Kyacc B CMbICue (°). UacTHbIM BUOM KBa3HCBOOOJHBIX NOLKaTeropuit 
6yAyT KBaSHNpHMUTHBHBIe Kslaccbl asreOp (*). Ec ocHoBHad KkarTeropus 


'“peryiapHa HW orpaHvyena, TO BCAKad KBa3HCBOOO]{HaA ee MoKaTeropHA Oy ter 


~R-nomot. B uacruocrn, R-nouHbIM ABJISeTCA BCAKMH KBaSHCBOOOJHDIN MOJ- 


Kulacc KIacca BCex aslreOp (bukKcupoBaHHOrO THNAa. OTH NofKMaccbl MoryT ObITb 


OXapaKTe€PH3OBaHbl AH CBOHMH UHCTO CTDYKT YPHBIMU CBOHCTBaMH. 


Teopema 5. Jas mozo umobol Kameeopua cmpoyxmyp K Oolaa cmpyK- 
MYPHO SKBUCAAEHMHA K6AZUCBOHCOHOMY NOOKAAaCCY KaMeeopuu B6cex aazebp 
HeKOMOopoed uKCUpOeAHHOeO muna, NeobxoduUmMO U Oocmamo4uHo, umobdo K 
codepicana eOuHUuUHYyIO CmpyKmYypy UU OblAA peeYAAPHOU, OepaHU4eHnol, 
adoumuenoli, mMYAoMUNAUKAMUBHO U eomomopHoO 6 CeGe SamKAYymMou. 

Heo6xouMoctb HenocpexCTBeHHO CuleLyeT 3 9JIeMeHTAaPHbIX CBOHCTB aJireOp. 
JlocTaTOuHOCcTbh BbITeKaeT H3 COBOKYNHOCTH MpebIqyUIMx TeOpeM. 

6. Kaacc Ly anre6p c ocHoBHbiMa onepaluamn fa (X%1,---, Xm) (« ET) 
Ha3biBaeTCA paluOHAaTbHO IKBUBAMCHTHBIM Kkaaccy L, aare6p 
C OCHOBHBIMM omepallviMH g, (1, - ..,Xa(e)) (BET2), ecm cyllecTByloT TaKue 
Le-MHorowleHb! Fa (x1,..-,Xm(a)) MW TakHe L£y-MHorousenb! Ge (x1, .-.. , Xng)) 
(a€T,, BET), uro kaawnaa Li-anreOpa, paccMaTpuBaeMad OTHOCHTEJIbHO G-one- 
paul, ectb Ly-anreOpa, Kak an Ly-anreOpa OTHOCHTeIbHO F-onepallM ecTb 
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Ly-anre6pa HW yKa3aHHOe COOTBeETCTBHe HHBOJIOTHBHO (°). PalldOHasIbHad 9KBU- 
BaJICHTHOCTh BOOOUIe OTMMYaeTCH OT CTPYKTYPHOM 9KBMBaJIeCHTHOCTH, HO 
MOXKET HM CoBMayaTb c Heli. Ormerum npocTetiuMi cayyal 9Toro: 

Teopema 6. Ecau Keasuceo6o0Hole NOOKAACCbL KAACCOB BCeX ANeeOp B00bWe 
PQ3AUYHOLX GUKCUPOBAHHOIX muUNnos CMPYKMYPHO IKBUBAACHMHbL, MO OHU U 
PQAYUCHAAGHO IKBUCANENMHOL. 

Ilycrb 3afannbie moyKsaccbl cyTb Ly, Le uw MWycTb fa (Xi, + +=) Xm) — ORHA 
H3 OCHOBHBIX omepaluii Kmacca Ly. Paccmotpum Ly -cBoOoguy1o aureOpy V 
c L,-cBOOOJHbIMH MOpO*KAawowluMu V,,...,Um. U3 crpyKTypHOH 92KBHMBaJIeHT- 
Hoctu L,, Ly cmenyer, uro V Oyget u Ly-cBo6oqHO crpyKTypol c L2-cBo6ox- 
HbIMH MOPOXKAaloulMMU Vy,..., 0m. Tlostomy auleMeHT fx (Vi,.--, Um) asreOpbl 
V youKeH ObITh UpescTaBHM B Buse HexoToporo Ly-mHorowleHa F,(Ui,..-,Um)- 
Mis papencrna fz (Ui; /. - 70m) = Pai, =, 0m) BV cCnéqyer, s1osBelgumecs 
MecTO TOmKecTBO fa (X1,---;Xm) = Fa(Xy,---,%m). AHaIOrH4uHO Novlyyaem, 
uTO JIA Kax%KJOH OcHOBHOK L,-onepallun g, (x1,.+-,%Xn) cymjectByeT L,-mMHoro- 
weH G,(xX1,...,Xn), Asa KoToporo B L, WMeeT MeCTO TOXECTBO 
Bq (Xi ++ Xn) = Gp (%y,---, Xn). Takum 06pa30m, KJlaccbl L,, Lz palvoHambHo 


SKBUBAJICHTHBI. 


Iloctynuao 
6 II 1958 


UHMTHPOBAHHAA JIMTEPATYPA 


1S. MacLamne;, Bulls Am. Math. Soc, 56;.\286; 485 (1950)5) 2eAR iene 
nes, HAH, 119, Ne 6 (1958). 2A. H. Maabues, AH, 108, N 2, 187 (1956). 
4 Ss. Eilenberg, S MacLane Trans. Am Mati. soc. 55, Ne 2) Zoli 
>A. WU. Maapues, H3s. AH CCCP, cep. matem., 21, Ne 2, 196 (1957). 


Jorsagn Akanemun HayRK CCCP 
1958. Tom 120, No 4 


MATEMATHKA 


M. JI. PACYJIOB 


BbIMETHbIN METO), PEWIEHHS! CMEWWAHHbIX 3AJ{AU 
M HEKOTOPbIE C HAM CBS3AHHbIE ®OPMYJIbI PASJIODQKEHH A 


({]pedcmaeaexo axademuxom C. JI. Co6oneceim 20 XI 1957) 


B sto 3ameTKe Jaetca dopmy.a, MpeAcTaBlAoMlad NOcraTOuKoO ryiayKoe 
pellleHHe CMCIUAHHbIX 3afay JIA CHCTEMbI JIMHeHHBIX NupepenWHabHbIX ypaB- 


HeEHHH Cc KYCOUHO-WlatKiMu KoapulmenTamu pH TpaHWuUHblx YCJIOBUAX, 


CBASbIBaIOULMX MpOH3BOJHbIe HCKOMOM BeKTOp-(byHKWMH B Oosee UeM JBYX TOU- 
KaX MHTepBala H3MCHCHHMA MpOCTpaHCTBeHHOrO MepemeHHoro x MU COepKaLllHx 
TakKe MPOHSBOHbIe HCKOMOM BeKTOP-PYHKIUMH MO BpeMeHH, B Bue HHTerpasb- 
Horo BbIueTa (cM. ~opmywly (8)). B cBasH c9THM Jaerca TakxKe HOBad cbopmy.la 
pasioxKeHud (cM. (opmyly (6)) mpoH3BObHbIX BeKTOp-cbyHKUMH B PAI M0 
(byHTaMeHTaJIbHbIM (PyHKWHAM CIeKTpabHOM 3aauu, COOTBeTCTBYIOUIel 3afla- 
ye (1)—(3). Pesybratbr STO 3aMeTKH O6OGuLaIOT YaCTb pesybTAaTOB padoret (2). 

IIpequiaraemblii MeTO, NpYMeHsAeTCA TakxKe K HEKOTOPBIM 3aqayaM, BCTpe- 
YaIOLIMMCA B MpHJIOX%KeHHAX, JIA KOTOPbIX CNeKTPaJIbHbIe 3ayauHN He COOTBeT- 
CTBYIOT CAMOCOMpAXKeHHBIM OMepaTopaM (cM. mpuMepp | u 2). 

1. PaccmoTpuM 3aqauy HaxoKJeHHA pellleHua cHCTeMbI 


aul?) ; : 
apne (iat Oats Se be), 
au) mk+1l<p aly y 
Gta (Z) kh (2) | 
more = » Ant (x (x ) at +f (x; t) (1) 
k<q—1 


sae (Ore b;) (al, foe ae) 


MpW PpaHWyHblx YCJIOBHAX 


n oles, tf?) wo tn 
~~] ; Z 
Sepa es rl el 
Pkg 4 x=; xXx=b 
Cae ee gi tty (2) gl t1,(4) | 
k ; Rk 
(Oy ae 0) == (0) (2) 
ee 3 ake ai aah | ho bin oroxbuleeeh 
Jil =O Beh, 
WU HavaJIbHbIX YCJIOBHAX 
at?) (x, 0) = 9) (x) mpu x A (ler (3) 
(2) (2) 
rye Ay? (x Vege pees “TOpaaKa 73 &ki, Bri — MOCTOAHHbIe MaTpH- 
Ilbl pasMepos mrp x p; f(x, t), of? (%) — BeKTOp-(yHKILMM COOTBeTCTBYIONLero 
pasmepa; == Hig) (az, 0 ae pectnrts He HaJleraroulue WHTepBaJibl, MMerIOLLMe 


oourue Bonu: CmemanHyio 3ayauy, Womyyaemyio 3 (1) — (3) IIA BEKTOP- 
(pynkunu u{) , yCOBMMCsH Ha3bIBaTb OCHOBHOH CMeMaHHOH 3afauen. 


“3 3aka3, 296 33 


2. Samauy HaxXOKeHHA pellleHHA CHCTeMbI 


bee = M(x) (j=0,..-,4-2) 
mk+l<p | 
5) Alle 


keq—- 


m,(é)  __ = ol), (x) pu me (a; b;) (4) 


Mp rpaHWyHbIX yCJiOBHAX 


n l<p-1 d'y(?) Ty() 

\ ox(2) +g) | + 

3S eS) +e] 

i=1 k<g—-l 15 ene 

ie jo fies Wily 
m t= ce. 
MS oe 

x= x=b; 


c— ta 


O6yeM Ha3bIBaTb CieKTpPaJbHO 3amauel, cOOoTBeETCTBYWMeH 
3samaue (1)—(8). 

SacpuKcupyeM S Cpe UWHcer Ulta s ; —1]. OueBHgHO, H3 NepBbIx 
g—1 ypasnenuit cuctempr (4), BbIpaxKan Bce v\!) uepes v!) H NOACTaBAAA 9TH 


BbIPAKeHHA B MOCewHee H3 ypaBHeHHH (4) u See Tea ycevloBHe (5), mpHqem 
K 3aaye C HeH3BeCTHOM BeKTOp-(pyHKuMeH VU), ITy 3aqayy yCJIOBMMCa Hasbl- 


BaTb S-BCMNOMOraTeJbHOH cueKTpaJbHOH 3afauehk. CBo6ogHbIit 
yJIeH CHCTeMbI S-BCMOMOraTeJIbHOH CNeKTpaJIbHOH 3afaun 0603HauHM yepe3 


F(x, 0, X"), cBoOogHbit uieH rpaHHuHbIx ycuoBui —u4epes WN,(¢, d”). 


i 


B jambyelitiem Q-BcnoMoraTeJIbHylO 3afauy OyJeM Ha3biIBaTh CMe KTPadJb- 
HOH 3amaueH, COOTBeETCTBYWMeH OCHOBHOH CMelIIaAHHOH 3a- 
qaue. 

IlycTb BbIMOHAIOTCA YCJIOBHA: 


1°. lipww € la; OP ee ee, (x) HempepbIBHbI, Bax TbI Hempe- 
PbIBHO JuddepeHIMpyeMbl pH mk +1 aa HeNMpepbIBHO udpPpepeHLMpyemMbI 


npa mk +1 = p—1, det Af? (x) 40, of, (x) HenpeppIBHO quddepexHuNpyemMbl 
p—mk pa3 mpu k=l,..., g. 


2°. Tipu x €[a;, b;] Kopuu oi (x), .. » Ore) XapaKTePHCTHYeCKHX ypaB- 
HeHHH 


det (0° Ay’, (x) HOP A me ea A ee 


pasJIMYHbI M OTJIMYHbI OT HYJIA; HX AaPryMeHTbI H apryMeHTbI HX pasHocTeli He 
saBucit oT x. IIpH OombuiHx 2 3Hak pasHocteli Redo, (x) — Reg; (x) He 


3aBHCHT OT X. 
3°. Ilpa gocrarouHo 6ompuMx i 
paur (a{!) (A), ... ald) (A), Ry nO hese » al) (A) BO) (X), . . BO), (A)) = npr, 
rye 
q 
mk+j (s) , mk-+-j 
Mae mee at) = 0c: 
k=0 
4°. [Ip OoubuHMx } w mpH BeakKoM s=0,..., g—1 wMeerT mecTo oneHKa 
NEED (er ye OU), 


Jlerko y6equTbCA B TOM, UTO 3aMeHOit 
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S-BCHOMOFaTeJIbHY!O CN€KTPaJIbHYIO 3aauy MOXKHO MpHBecTH K 3ajaye c napa- 
MeTPOM VIX CHCTeMbI ypaBHeHHHt NepBoro nopsyKka. Ilycrp A (A) — xapaxte- 
pucTHyecKHH onpexeiuTetb MaTpuubt Tpuna stot sagaun. Tlomayacb mero- 
OM, YKa3aHHbIM B 3aMeTKe (?), h-lJIOCKOCTb MOxHO pasOuTb Ha cnekTopp! (7'j), 
B KOTOPBIX IIpH OOJIbLIMX A MMeeT MecTO acuMnToOTHYecKad (popmyvia 


A (k) = exp > >) wi “| {[Myj] exp [jz] +... 4 [Mao,j] exp [1,2]; 
h, i 


B KOTOPOH COXpaHsAIOTCA O6O3HaYeHHA 3ameTKH (2). 

B jomouHenve K ycmosuam 1° — 4° Gynem nogaraTp: 

5°. Bee uwncna My, Mo,j AJA TpaHM4yHOH 3aqayH Cc HeMsBecTHEIMH wi 
OTJIMUHbI OT HYIA. 

GaMeTHM Jjalee, 4TO, cormacHo ycuoBuam 3°— 4°, rpaHmunyio 3aqayy 
aa WY) MOXKHO CBECTH K 3aaye AIA CHCTeMbI JIMHeHHBIX JudpepentwabHbIX 
ypaBHeHHH MepBoro MopsKa Mp OMHCpOAHBIX rpaHWYHbIx ycoBuaAx. CorsacHo 
ycoBuaM 1°— 5° Aa STO HOBOH 3afa4H BbINOMHAIOTCA BCe yCuOBUA TeOpe- 
Mbl 3aMeTKH (?). Ilostomy mpwMeHeHHeM ynomMAHyTOI TeopeMbI JlerKO OKa3bI- 
BaeTCA: 


Teopema 1. /7pu ycaoesuax 1° — 5° umeem mecmo dopmyaa pasaooteHua 


4 \ m-1. (2) m () 
a ee (6) 
2nV —1 a 

(Se Ue ty es Ce ee nae 


20€ Cy —3AMKHYMobI KOAMYP, OKPYIKaro1uUlL MOAbKO OOUH Nnoatoc }y YyHK- 


Yuu ov) (x, 0, ”) (pewenua s-ecnomozamerbnoli cheKmparbHoti 2adauu) u CcymM- 
Ma no Y pacnpocmpansemca Ha @ece NnoAtocoL amot GyNKyuUu, cxOOUmOCmd 
ps0a noxumaemca @ cmoicae L,(a;, 6;) *. 

Beipaxasn vu) yepes uv n3 (opMyJIbI (6), HenocpeycTBeHHO mosy4yaem 
(popMyJly pa3vloxKeHHA 


Dy 


n (> . . . 
—_ 1 3 \ ymi(stl)—-1 HN \ Gi D(x, a8) os ‘) di = 


ey — 
Vv, ey (PBN 
=\. mpu s<q—l; (2) 
of), (x) mpd s=q—I, 


rye G(x, &, 4) —marpuua puna cnextpaJibHoi 3a2ayv, CooTBeTCTBYIODIen 
OCHOBHOH CMelUaHHOH 3ayaye. 
3. Metonom paOotpi (7) WOoKa3biBaeTcs: 
Teopema 2. IIycme npu ycaoeusx meopemo | epanuunoe ycaoeue 
OCHOBHOLL CmeWlaHNoli 3adauu He covepaeute npouseodnoli no t nops0Ka q 
t 
u sma zadaua dan f° (x, t) € Le (a, b); \ Vie (x, t)|\dxdt<_ co umeem pe- 
0 a; 
wenue ul) (x, t), yOoeremeopsouee YyCAoeuio 4° meopemot 1 u obnadarowee 
ceoucméeamu: 
1. uw), ., 894 Jat? umerom npouseodnole no x @ (a, 6;) Oo no- 
paOKa p, npouseodnole (p—1)-e0 nopsdKa abcoAtoOMHO HenpepeleHs no 
x €(a;, 6;), @ npouseodnLle nopsxOKA Pp npunadsencam Ly (aj, 0). 


* Hanerad Ha 9 ompesesieHHble OrpaHHveHHA, MOXKHO MOJYYHTb CXOAMMOCTb B TOYCUHOM 
CMbICWIe. 
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98 I pouseodnae O'*'u? poten’ (R= 0,2... °G— 1, 1=0 pp — 
abcomiomHo Henpepolenst no t Ha [0, T], npouseodxele no t om amux npous- 
GOONDIX cymmupYyemol 6 OeymepHott obaacmu Ot KT, az x< Gy. 

Tozda amo pewenue npedcmasumo dopmyaou 

b 


n j 
i 4 m— m Zeal e G 5m 
us Dies keep \) tee Tapy \ a aC ae {FE gah) 
v ty Oleh, 
Z 7 . 
lena” (é, 7) a dt +A (a2, "| (8) 


0 


2de A’ (x, 0, X") ecme pewexnue 0-ecnomoeamenoHoli cneKmparbHou sadauu 


OAK, CoomeemcmeyroLyeti OOHOPOONOU Cucmembl. 
IIpumep |. B mnoysemHoH ruypomexaHuke B CBA3SH C HcculeqoBaHHeM 
rH[pOMHAaMMeCKHX TapaMeTpoB WlacTa BOSHHKaeT CMelUaHHad 3ajjaya 


07u OW es [ OU 1 Ou Ou Ou 
gat oa =e Ga he oe)” ar eee 


R 
Any 


=="), 


re 6, c, «, B — mocTOAHHHIe. 
CoorpetcTsyrouad 3ayaya c yueToM MaviocTu 1/c? pemaerca B KHUTe 
Vi. A. Uapxoro (*) jaa ypaBHeHHaA TelompoBoyHocTH. Ec 9 (r) Hempe- 
PbIBHa, 9 (7) WBarxKbl HeMpepEIBHO Audppepenunpyema Ha [a, 0] u o)(b) = 0, 
TO JIA STOH 3ayqa4uH BcCe yCuIOBHA TeopeMbI 2 BpINOIHAIOTCH. B sTOM cayyae 
m=1, Fo(o, @, ) = 41 (9) + (A + 8C*) op (0)- 
IIpumep 2. Paccmotpum sayayy pactipocrpaHeHus Tela B HeOLHOpoL- 
HOH cpeye: 
Ou; 07u, 4 Ou; 
7 = % ae At ae +7, 0) Tpaly Ga, eae) 


fpH [paHH4HbIx YCJIOBUAX 


0 t 
ar ae h; {uz41 (az, t) — u; (Gz; t)} a) 
u; 
ae ++ A; {u; (a;y, t) — Uz (Qz_y, t)} =0 
PaO yo 


‘W KAUaDHBIX YCOBUAX 
u,(r, 0)=9,(r) mpu r€(a,,a,) (é=1, 2, 3). 
Tipu raayxux f, (r, t), ~, (rf) ycloBua TeopeMbl 2 Takxe yOBMeTBOpsIOTCA 


JIA 9TOH s3ayaun. 


JIbBoBCKH ToCyAapCTBeHHbIit yHHBepcuTeT Iloctynu10 
uM. Mpana panko 18 XI 1957 


WMTMPOBAHHAS JIMTEPATYPA 


tM. JI. Pacyaos, Maren. cOopH., 30(72), 3(1952). -? M. JI. Pacy aos, JAH 
119, N83 (1958). * HW. A. Yap un ft, Tlozsemnaa ruqpomexanuxa, 1948. , ‘ 


Jloknaynn AKkanemun Hayk CCCP 
1958. Tom 120, Ne 1 


MATEMATHKA 


O. WH. CAMY3JIb 


O CTPYKTYPE PEWEHHM ABTOMOP®HbIX CHCTEM JIAHEHHbIX 
AW PSEPEHUMAJIBHbIX YPABHEHHH 


(Tpedcmasaexo axademuxom H. I. Memposcxum 3 I 1958) 


Cuctemy uddbepeniuabnHpix ypaBneHuit 
dX, = 
ae le ee 1) Des ffihs (1) 
l=1 


Cc MepoMopdHBIMH KOopuuyHeHtamu P;; Ha30BeEM ABTOMOPQMHOH, ecaH 
OHA H€ M€HACTCA TPH pOOHO-sJIMHeEHHOM MpeoOpa3s0BaHHHu 


f= T= Ste, eho fo ou (2) 

UacTHbiIM CJlyuaeM aBTOMOPHBIX CHCTEM ABJIAIOTCH CHCTeMbI C MepHolHye- 
CKHMH H J[BOAKO-NepHOMyeCKHMH KOSdpulMentamu. Tlocrpoenue aBromopd- 
HbIX CHCT€M CO MHOTHMM MOJCTaHOBKaMH ObiIO BHITIOHeEHO B paboTe (1). Syecb 
MbI BbIACHHM CTPyKTypy pellieHHi cuctempr (1), HHBapHaHTHOM OTHOCHTebHO 
NOACTaHOBKH (2). 

CrpykTypa aBTOMOp@HOH CHCTeMbI MU ee peleHHH CyWIeCTBeHHO 3aBHCHT OT 
HeENOJBYKHBIX TOUeK JIMHeMHOTO MpeoOpasoBanna (2), T. e. OT KOpHel ypaB- 
HeHHA 

g24+(h—e)z—f =0. (3) 


Cnelyer pasimuaTb Tpu cayyuaad: 1) 06€ HENOABHXKHbIC TOUKH Je@KaT Ha KO- 
HeEYHOM paccTOAHHH; 2) OMHa HENOBHKHAA TOUKA HAXOMHTCA B OeCKOHEYHO yJla- 
JIGHHOH TouKe; 3) O6e HENOJBHXKHbIe TOUKM OeckoHeuHO yaeHHble. B nepBoM 
ciyyae mpeoOpasopanue (2) aBAeTCA coOcTBeHHO ApoOuoO-JMHeHHEM (g=40), 
BO BTOPOM CJly4ae OHO GyJeT Bua Sz+A, npnyuem s 41, aBTpeTbem clyyae T= 
= z+. Tpernit cryyali xopoulo u3yyeH: 30ecb HMeloTcs TeopeMpl PnoKe (Aa 
ypaBHeHHii c nepHoyuueckumu KosppuunenTamn) u ITuKapa (qua ypaBHenuit 
¢ (BOAKO-NepnoduyeckuMu Koadpuunentamn). Ilepppie WBa ciyyaa B WMTepa- 
Type He paccMaTpHBaJINCb, HO HMCHHO 9TH CAyya IA aBTOMOp@HbIX CHCTeM 
MpelcTaBIAIoT HaHOOJIbIIMH MHTepec. 

§ 1. Bisicuum BHayane o6uLy!Io CTpyKTypy pellieHHit ypaBHennii (1) B cBa3sH 
C HX HHBapMaHTHOCTbIO OTHOCHTebHO NogcTaHoBKH (2). IlycTb dyHkunn 


x} (2), i; k= 1, 2,..., n, (4) 


ABIMOTCA (PyHJaMeHTa/IbHbIMM pelueHHsiMH cucTeMbI (1), yAOBseTBOpAIOLHMH 
HayaJIbHbIM yCOBHAM x}, (0) = 4jr, Te Oj, —CHMBO Kponekepa. Pewennamu 
OynyT Takxe ctbyuKunn xj (T (z)). Cieqoparesbuo, 
n 
. Le: 
xh (T (2)) = >) Ux, (2) (5) 
pe 
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rye aj = x} (T (0)). [aa kpatKocTH nepelileM K MaTpHUHbIM OOO3HaYeHHAM: 
BBeJleM MaTPHILbl 

X=|xki, A=lanlt 
i 3alluuiem mocneHee paBeHcTBO B Bue X (T) = AX (z). Ilonoxum 


Y (z) = BX (2), (6) 


w Nox6epem Matpuuy B tak, uTOOb! MaTpuua BAB npwuada KaHOHMuecKHH 
Buy DKopyana. Ec KopHu xapakTepHcTHyeckoro ypaBHeHHsi |A—pl|=0 
MpocTble, TO 


Syd Oem cranes 010) 
0 ters ae 

eee @ 
0) Os oF 


Ww 3aBHCuMocTH (5) MpHHHMaloT BHA 
yj. (T (2) = e,Yf, (2)- (8) 
B ciyyae KpaTHbIX KOpHeli mocuJe BbIJeMeHHA S/IeMeHTapHbIX AeMTeTeH 
Oyyem uMeTb 


BAB a 4 dics (Giunta ae) opal (9) 
AON 8 Nai) 0) | 
1 Bae wOrd 
Jy (5) =| Ore OnO-})s 
000...18 
SaBHCHMOCTH (5) 3aNHLyTCA B Bue 
yj, (T) = &,y}, (2), 
Yi (T) = & 4% (2) + YR (2)s 


YR(T) = Sup (2) + yp (2), 
By se ie, Deen oe (10) 


yy m2 (T) = Eo, TE 2), 
Yat) AME i eedlnte te (4 are ei eel 


ei OF Le ES OR 38 Vie De. CNR et a on] tania” perl 6? Fevisen Peles) (Olen nel eg ean e 


Yr, (T) = moh (Z) os Yn 
§ 2. Ilycrb dbyHkuna o(z) OSmaqaeT CuIeLYIOULMM CBOLCTBOM: 
o(T (2)) = 9(2) +1 (11) 


(Aambule Mbl HOcTpowM sty dyHKIIO B ABHOM Buse). Paccmorpym B cayyae 
MpOCcTbIX KOPHeH XapakTepHCTHYeCKOrO ypaBHeHHA (byHKUHH 


Bd aera (12) 


B : = uf 3 

B cuny (8) u (12) umeem: uf (T) = uj (2), T. e. bynkuusa ul (z) o6aqaer 
CBOKCTBOM aBTOMOP(HOCTH NO OTHOLWeHHIO K HoscTaHosKe (2), vu, ecmu ona 
MepoMOpHa, TO 9TO OTHOMeHHe eCTb aBTOMopHad yHKUUA. Bosppaaacb 
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K M€PpBOHAYasIbHbIM HEM3BECTHBIM, NO/yYHM pellienua cucTembl (1) B Bue 
n 
x, (2) = S99 ax, , (2), (13) 
i= 


re %,, (2) WHBapHaHTHbI OTHOCHTebHO NOAcTaHoBKH (2). 
B cayuae KpaTHBIX 9JIeMeHTapHBIX JelMTeneli Nocrpoum pyHKUHU 


So i, $, = (2), ee Se 


KOTOPble OOJIaaloT CueyIOULMMU CBOMCTBaMH: 
Cyr (T (z)) = Cra (2) Fe (2). (15) 
IJoctpoumM 3aTem PyHKUMH 
py = Eres, (z), 


Ba = 2 [a0 (2) + a4 (2)], 


__ £61(2) 6; (2) 6 (2) (16) 
Bg = & |“ (2) + ge (z) + 2 y @)| : 
1 
Bg,= er 2 . (z) = ae og, —1 (z) ote tere + ee ay @)| 
1 


(«,(Z) HHBapHaHTHbI OTHOCHTe/IbHO paCCMaTpHBaeMOM MOf\cCTaHOBKH) HM aHaJio- 


TMUHbIe (PYHKUMA JA CCTaIbHBIX DICMeHTApHbIX emuTeneli. M3 crpyKtTyppi 
ynkuui B, BUHO, TO 


By (T (z)) = &B: (2), 
Bo (T (z)) = €Be (2) + Br (2); (17) 


BL (T (z)) =e £8, (z) 9 2 le (2). 
ConocTaBulaa mocuequve paBeHcTBa c (10), MbI BHAHM, 4TO 


yj, (2) = Bho 


Lane? 


Bh (2) = 8 [nq + BoM) 
(18) 


re %,, HHBapHaHTHbl OTHOCHTEJIbHO MOCTaHOBKH (2). 
§ 3. OcraeTcd MoKasaTb, YTO CYIMeCTBYyIOT paccMaTpHBaeMbIe aBTOMOpdHBIe 
CHCTEMBI, MH MOCTPOUTb JIA HUX PYHKUHIO G. 


A ry . 
Ilycts T=sz+A. Wynkuusa p(z)=2—7—, CONalaeT cBOHCTBOM: 


u(T) =sp(z). Ecnu Up, —apromoppxbie @yHKIMH MO OTHOUIeHMIO K pac- 
CMaTpuBaeMOli MOAcTaHoBKe, TO CHCTeMa AuddepeHUMabHbIX ypaBHeHHH 


n (2) ct = 3) Ua (2) x (19) 
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( — = ) — Helos BUuxKHasA rouKa) 6ymet aBpromopduolt. Tak, Hampumep, Ax 


noycTaHoBKH —z-+ 1 uMeeM aBTOMOpdHy!0 CHCTeMy 


/ Bee ie ts 4 z—1 2 ) 
er = SR aur! 215i ae tok ea ee 


PyHKuMA s [WIA MOACTaHOBKH C OHO KOHeUHOL HeMOXBHXKHOH TOUKOH 
MMeeT BHI: 


In (z — A) 
Ins 


s(z)= (20) 


B cayuae JByX KOHeYHbIX HeMOABYXKHbIX TOUCK CTPOHM (pyHKILUIO 


vi(z) = (2 — Ay) (2 — hy), 


i ai (21) 
ho= ge (@ AAV (6 hp + 4fg). 

Vis crpyktypbl dyHkunu v(z) Bug~uO, uTo v(T) = yv(z)/(gz-+A)?. B coor- 
BeTCTBHH C 3THM HaxOJMM aBTOMOp(Hy!0 CHCTeMy 


Ze! 


= Unt (2) Xt, (22) 


rye Up; — aBTomopduble :byHKWHH c aHHOH ToscTaHoBKol. HecsoxKuble BbI- 
YHCJICHHA TlOKa3bIBalOT, UTO JIA pellieHHH aBTOMOpdHOH cucTembI (22) PyHK- 
UMA o MMeeT BHI: 


in zZ—)y 


mS 
In ———— 
€— og 


Hrak, Bonpoc 0 cTpyKType Kak aBTOMOp(HBIX CHCTeM, TaK H HX pelleHuii 
KOHCTPyKTHBHO peliaeTca JO KOHIa. 


CpefqueasnaTcku rocyapcTBeHHblii yHuBepcuTeT Tloctynusto 
um. B. HW. Jlesuna 25 XI 1957 


UMTMPOBAHHAA JIMTEPATYPA 


70. H. Camyoauab, Bionn. Cpeqneasnatck. roc. yHuB., B. 30 (1949). 


as 


Ee 


Jokuayn Akagemun nayx CCCP 
1958. Tom 120, Ne 1 


MATEMATHKA 


A. WM. WHPLIOB 
O HPOBJIEME JIEBULLKOrO 


([Tpedemaeanéno axademukom II. C. Aanexcandpoeom 7 I 1958) 


AccouwaTHBHoe KOmbiO S Ha3biBaeTCH HUJIb-KOMbILOM, eC KarxK Mbit 
QJIEMeHT KOMbUa S HuIbnOTeHTeH. JleBuuKkHM (*) ObIa MocTaBMeHa mpo6.leMa: 
KaoxK0e JIM HHJIb-KOJIbILO HMJIbMOTeCHTHO? Ota mpobsemMa Oba MONOKUTEIbHO 
pemeHa camum Jlesuuku (°) Qua cmyyad, KOrgqa WHeKCbI HUIbNOTeHTHOCTH 
BCe€X 9JIEMCHTOB KOJIbua S orpaHvyeHbl B copokynHoctu. Tlo3squee Kanuan- 
ckui (*), 3aHMMaBuinlica pelienwem Gomee o6mel mpo6mempr Kypouia (*), 
epeHec pe3ybTaT JleBuuKOrO Ha HUJb-KOJIbIAa C MOJMHOMMaJIbHBIMH TOK ]e- 
cTBaMu. B nacToslel 3aMeTKe laeTCH MOMOKUTebHOe pelieHHe mpOO.JeMbI 
JlepuiKoro AIA Oomee WHMpOKOrO KJacca KoOJell, BBeeHHOrO B paccMoTpeHue 
J[pevisnuom (+). 

Ilyeth A= {hij}, ¢=1,2,...,h,—HeKoTOpoe MHOwKeCTBO MepeMeHHBIX, 
™ (A) = AzAu,.. Az, — HEKOTOPHIN OHOWICH OT STHX NMepeMeHHBIX. O6o3HayHM 
yepe3 77, (A) MHO2KeCTBO BCeX OHOUIeHOB OT MHOMwKecTBa A crTeneHH >R u 
OTJIMUHbIX OT 7 (A). 

na mo6o% mocneqoBatTesbHOcTH 2emMeHTOB {x;}, i=1,2,...,h, “3 
KOUbIa S yepes 7(x) OOO3SHAYHM SJICEMeHT %;,%;,.--Xi,, a Yepes T_ (x) — MHO- 


XKECTBO 3JIEMEHTOB KOuIbia S nowyyeHHOe 38aMeHOH BCeX MepeMeHHbIX A; Ha 
COOTBeETCTBYIOMHe QICMeCHTbI X; B KaKMOM OHOUTeHe “3 MHOKecTBa TJ; (A). 

Ecum cymlecTByeT TakoH oOHOUIeH = (A), 4YTO AA mMOOOrO HaOopa duIe- 
MeHTOB X;, = 1,2,..., 4, KOMbUa S 9eMeHT x(x) JIEKUT B MpaBoM HJeae, 
MOPpOXTCHHOM MHOKeCTBOM T(x), TO OHOW eH ~(A) HasbiBaeTCH CTPOTro 
ONOPHHIM OAHOUNECHOM KOabLA S, a kKoMbWO S—KOMbWOM CO 
CTporo ONOpHbIM OFHOUMeHOM. Mb AIA KpaTKOCTH TakHe KOVJIbIa 
OyeM HasbiBaTb SP-KOJIbiaMu. 

J\petisun (7) noka3am, uro Kslacc SP-KovselL COsepKUT KOJbIla C yCOBKeEM 
MHHMMaJIbHOCTH JIA TpaBbix WealIOB MH KOVJIbIla C MOJMHOMHaJIbHbIMU TO*K]e- 
cTrBpamu. B 3Tol xe paOore M0Ka3aHO, YTO Jia OOOro SP-KOMbIa OMHOUEH 7 (A) 
MOXKHO peqmouaraTb JIMHeMHbIM 10 KaxKOMy H3 TepemMeHHbIx A;. IIpu HeKo- 
TOPIX CHJIbHBIX orpaHuyeHuax J[peH3HH, MO/b3yxAcb, MO CylecTBy, MeTOj\amMu 
Kanmauckoro, asi NOO%KUTebHOe pellieHve nNpoOslembl Kypowa quia SP-asredp, 
T. €. OKa3aJI JOKaIbHYIO KOHeYHOCTh asIreOpatyeckux SP-aireOp HekoToporo 
yacTHoro Bua. Ognako cam «xe J[peH3HH OTMeY¥aeT TpPyAHOCTH, KOTOpbie He 
HOSBOUIMIM eMy pelluTb axe mpo6memy Jlesuukoro yma SP-Komey 63 
JONOJHUTeJIbHBIX OPpaHHyeHHi. 

Ecm crporo onopxpili ofHoWeH «(A), KOTOpbI B JaJIbHeHileM MbI OyjeM 
Mpeqmouarath JIMHeHbIM MO Ka2%KOMy epeMeHHoMy },;, HMeeT CTeneHb 7, 
to SP-Kombuo S Mbl 6yfemM Ha3biBaTb SP-KOMbIOM cTeTeHH fF. 

Jlemma. [ycmo S —xuao-SP-Koaoyo cmenenu t u I —eeo udeaa, no- 
poncdenHolll anemenmamu a’, ede a;,i=1,2,...,n,—HeKoMOopoe duKcupo- 


BAHHOe MHOICeCMbO aAeMeHMOB KOAoYa S. 

Toeda Oana Kanc00e0 HamypaabHoed 4ucAa g>>t HalidemcA makoe Hamy- 
_ paabHoe uucao k =k(q), umo udean I" npunadaeoeum udeanay, noposcden- 
HOMY anemenmamu af. 
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JLoka3sateampcrso. Ilycrs cyulecrByeT Takoe HaTypaJIbHoe YHCJO /, 


m : - 
uto unean J” neKUT B Wleame, MOpOXCHHOM 9/IeMeHTaMH a; , 1 = 1, 2,..., n; 
m>t. [na ,oKa3aTembcTBa JIEMMbI OKaxKeM, UTO CyleCTByeT TakOe HaTy- 


paJIbHoe YHCIIO 71, UTO UeaT I” nexuT B wWyeasle, MOpOxXTeHHOM 93JIEMeH- 
TaMu Cee%, 


Kaxypii sement ugeana I'\“*” jonyckaer mpefcTaBseHve B BAe CYMMBI 
npowspefenuit nt-+ 1 smeMeHToB Baya aa”B, rye % mM B— OMHOUIEHEI OT oOpa- 


3ylomlux Konbia S. Jina Kaxkoro Takoro MponsBeeHMA HalieTCA SJIEMeHT a”, 


BCTpeyalonMiicd B HeM He MeHee ¢-+1 pa3. TakuM OOpas0M, KaxKoe Takoe 
Ipow3sBeyeHHe MOXKHO salucaTh B BUM CyDez42 = Cd d2.. = A¢Cp tg == 
= ¢, (aC,a;) ai’ 1c,a7) (ai? *c,a#) . . . (arte, | Gi) Cys 

Ilo npeqnouoxexuio, ofHOueH D npwHayiexuT MpaBoMy Healy, MOpox- 
JleCHHOMY BCeBO3MOXKHBIMH MIpOW3BeeHHAMH ero MHOKuUTeJeH, OTMMUHbIMA OT D 
WM He MeHbileH, uem y D, crenmeHH OTHOCHTeIbHO 3u1eMeHTOB dj. 

Jlia BeAKoro Apyroro ofHouleHa cTeneHu ¢ OT 93/IeMeHTOB d; HaliqyTcA 
pa pxoM cTosuMx suiementa d;, u dj, TaKUX, 4TO jy > jo. B KaxkOM TaKOM 
cayyae Ha COOTBeTCTBYIOUeM yuacTKe OyfeT CTOATh ciOBO d, d= 
= are ite 4 chante. , at = arite, aptith—inc, ab. Jlerko Balers, 
YTO BC TakHe SJIeMEHTHI JexKAT B Vease, MOpo*RAeCHHOM 3/IeMeHTOM a7+t. 

Orcioqa cilenyeT, uTO cyD = w, + ¢,Dq, rye wo; — a1eMeHT Ueata, MOpox*K- 
qeHHoro aviemeHToM at!. Ho tora ¢,D =o, +09 + ¢,Dq’? =o, + 0,9 + 
+to@tcoDg=...=e, +09 +9? +...+ a9! + ¢,Dq'*! 1198 mo6oro /. 
YrTBepxKdeHve TOKa3aHO B CHJIy HHJIbMOTeHTHOCTH 93/IeMeHTa g. B kauecTBe 
YHCJIa fy MOXKHO B3ATb uNcyIO r (nt + 1). 

Teopema. Bceskoe xuaso-SP-KoAoYO AOKAABHO HUAGNOMeNMHO. 

JloxasatembcetTsBo. Ilycth S —unmb-SP-kombuo cTenenu ¢ C KOHeY- 
HbIM YMCJIOM OOpasyloulux, a J —jleasl, MOpoXeHHbIi B HEM BCeBO3MOXHbIMU 
9uleMeHTamu Bua a’, AES. PaxtTop-Kombyo S/J HuAbMOTeHTHO B CHuJIY TeO- 
pembr Jlepuukoro (*), a 9TO 3HaYHT, 4TO CyllecTByeT Takoe HaTypasIbHOe 
uucio M, uTo BcAKMM 9uemMeHT Buna 0;,;,...0; m THe b:, — oOpasytoulue 
KONbila S, MpHhanexuT upeaty J. Tak Kak 9memMeHTOB BHsa 0;.b;,.. . b; = 


M 
JMUb KOHeYHOe YHCIO, TO Heal S” mpHHaqiexHT HeKOTOpomy uyeary Jj, 


ipvivajviexkatleMy Weay J WM MOpoxKJeHHOMy HEKOTOPbIM KOHCYHBIM MHOXKe- 
CTBOM 3JIEMeHTOB BHJa a 


M3 memMbl cileqyeT HHAbMOTeHTHOCTh ugeama J,, a cweloBaTembHO, u 
KONbua S. 


Mockoscku rocyfapcTBeHHblii yHHBepcuTeT Tloctymu.10 
um. M. B. JlomonocosBa 3 I 1958 


IMTHPOBAHHAA JIMTEPATYPA 


*M. P. Drazin, Proc. Am. Math. Soc., 8,8. 2 352 (1957). 2J. Ka 
; . Soc., 8, B. antes piansky, 
Trans. Am. Math. Soc., 68, 62 (1950). 3A. Tr. K y pow. H3s. AH CCCP, cep. te 


5, 239 (1941). # J. Lewitt Tt Bullen ae a ee 5 i 
tz ki, Bull. Am. Math, Soc., 62, 1033 (fase) 


Ee ee 


Jlokaaye Akanemun Hayk CCCP 
1958. Tom 120, Ne 4 


MATEMATHKA 


®. A. WOJIOXOBHY 


O CBA3H MEXKAY JIMHEAHOW AHHAMHYECKOH CHCTEMOH U 
AMPOEPEHUMAJIbHBIM YPABHEHHEM B MPOCTPAHCTBE BAHAXA 


(ITpedcmaéaexo axademuxom H. I. Ilempoecxum 11 I 1958) 


KauecTBeHHad Teopua AudpepenmatbHbix ypaBHeHHit, 3aaHHbix B OaHa- 
XOBOM HpocTpaucTse B, paccmMaTpuBaslacb 3a MOCeqHee BPeMA PAXOM aBTOpOB 
(3). B HexkoToppix pa6oTax (Hanpumep, ('—8)) uccelyoTCA OTAebHBIC 
BOMPOCbI, CBA3AHHbI€E C YCTOMYMBOCTbIO, OFpaHHYeCHHOCTbIO, CKOPOCTbIO yOpI- 
BaHHA HAH pocta peweHuh ypaBHenua dp/dt = A(t)p, p€ B. Jlunetupiii one- 
patop A(f), Kak mpaBulo, cuNTaeTcA orpaHHUeHHbIM pH KaxKOM (buKcupo- 
BaHHoM ¢. M. IT. Kpeitu, 8 uacTHocTu, paccMaTpuBaeT ypaBHeHve 


dp /dt = Ap, Ast) 


rile JIMHeHHbI OTpaHHYeHHbIi onepaTop A He 3aBucur oT ft. 

BmectTe C TeM B Ka¥eCTBEHHOH TeOpHH AndPepenWHabubIX ypaBHeHHH BarxK- 
HOe MeCTO 3aHHMaeT TEOPHA AHHAMHYECKHX CHCTeM, B KOTOPOH CBOMCTBa HHTer- 
PaJIbHbIX KPUBbIX U3Y4aIOTCA BHE CBA3H C AudPepenMasbHBIMH ypaBHeHHAMH. 

Jlunamuyeckxas cuctema f(p,t) = [(dp ((*), erp. 347), oTseuaromasa ypas- 
HeHHIo (1), yqonmerTBopaeT OObIUH bIM AKCHOMAM: 

Ai. f(p,0) = p, T. e. f(0) = J (rox ecTBeHHEIH onepaTop). 

As: [if (p,ti), te] = f(p, iv eFey: 

As. f(p, t) HempeppiBHa Mo COBOKYNHOCTH apryMeHTOB. 

Kpome 9THX aKkCHOM, OHa OOlaqaeT ele CBOHCTBOM JIMHeHHOCTH: 

As. f(p, + po, t) = F(pr, 4) + Ff (pe, £) (ato eKO MPOBepHTb, PeluMB ypaB- 
HeHHe (1) MeroqoM MocmeOBaTeJIbHBIX lpHOuM2KeHMI). ; ; 

EcrecTBeHHO BO3HHKaeT 3af,aua W3y4YeHHA JIMHeEHHOH AMHAMHYeCKOH CHCTe- 
Mbl, T. €. CHCTeEMBI, YHOBeTBOpAioeh ycoBuaAm A1 — Aa (1-a 3amaua). 3amaua 
B TaKOM (PopMe GyMeT HMETb CMbICJI HM WMHTepec, CCIM YKasaHHad NMOCTaHOBKa oKa- 
*Ketca Gosee obureli, weM KaYeCTBeHHOe M3yYeHHe ypaBHeHHs (1) (2-4 sanaua)*. 

B nactosmel 3ameTKe OyeT MoKa3aHoO, 4TO B CLy¥ae KOHEYHOMEPHOLO Tpo- 
cTpancTsa B 1-4 4 2-4 3a au SKBUBaJICHTHBI, HO AVIA OeCKOHEYHOMePHOrO Mpo- 
ctpauctsa |-a 3aqaua aBsAeTcA Gosee OOuleli, ueM 2-1. Kpome Toro 6yzeT pe- 
WieH OHH BOMpoc, noctaBseHHb 9. Xusviom (°). 

B JatbHeiiiem TepMHH «IMHeHHBIM omepaTop» ymoTpe6aeTca B CMBICJIE 
«OrpaHH4eHHbI JIMHeHHbIH OMepaTop» ; 

Teopema 1. Jlnaa moeo umo6el aunetiHan OuxKaMmuuecKaA cucmema 
f(t) p, 3adanHaa 6 6anaxo6om npocmpancmee B, coomeemcmeoeana ypaete- 
Huto (1), Heobxodumo u Oocmamo4Ho yCcAoéeue 


lim f (€) J] = 0. 


(pyrumu cioBamMu, onmepaTopHas dbynkuusa f (¢) paBHOMepHO HelIpeppiBHa 
((5), ompegenenue 3.4.2) mpu t = 0.) 


* Tloctanopka 1-f% 3afaum mpHnagexuT E. A. BapOaumuy. 
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JTloxa3sateapcetTBo. Heo6xoRumMocrb. Ilo ycnosnio, B kaxk- 
moi Touxe p€B cyulecTByeT MpPOH3BOAHAaA BAOJb TpaekTOPHH 


Ops = qi ot ee ane = ihn: 
al amet 


PaceMoTpuM coBoKymHocTb JinneliHbIx onepaTopos {F (t)}, rae F(t) = 
=FO—A, | = OO a ea Woe = Ap, To 
=0 
quis moo Touxu p&B  sup|F (t)p|<co. Ho teopeme Baxaxa ((*), Teo- 
t 


pema 2.12.2) orcioga cieqyer, uTo MHOxecTBO {||F (¢)|} orpaHnueHo. Ho 
jF (Q|= 
\F (2) —T 0. ; 

Jlocratounocrs. Ilyers |f(¢)—J/\|\—0. aa joxazatensctBa STOK 
yacTH TeOPeMbI JOCTATOYHO 3aMeTHTb, UTO f(t) sBasetca (byHKuUMeH, 3ajjaH- 
HOH B WHTepBasle (— oo, co), CO 3HaYeHHAMM B OaHaxOBol avireOpe SHAOMOp- 
(bu3sMoB mpoctpaHctBa B camoro B ces ((°), ompegetenne 2.15.1 Hu Teope- 
Ma 2.15.2). 

Tlocxompxy f (t, + to) =f (t1)-f (t2) (yemopue A,) wu cymecTByeT paBHO- 
MepHbit mpeget Jimf(t)=/, TO BbINOTHeHbI BCe ycmoBHa Tecpembl 8.4.2 

t+0 


u upx ¢—>Q orpanuyenHocts || F (¢)|| osHayaeT, TO 


uz (5), U, CaeqoBaTembHO, cyllecTByeT (B paBHOMepHOM TOMONOrHM) 


lim 4 (f(t) —/] = A. Onepatop A, pa3ymeeTca, HHeeH (H3 OKasaTeJIbCTBa 


TeOpeMbI BUHO, TO TMepexoq kK mMpefety ocBo6ox eH oT ycoBua ¢t >0O)- 
Torga s == a = (f(t) —I] p = Ap. a = Ap u ecTb ucKOMoe JudpepenuH- 
>0 
aJIbHoe ypaBHeHue. Tak KaK pellieHHe 9TOrO ypaBHeHHA eMHCTBeEHHO, TO COOT- 
BeTCTBYIOMNadt eMy J\MHaMHYeCcKad CHCTeMa COBMajjaeT Cc cicTemol f (f) p. 
Teopema 2. JIna mozo «mo6ol odKonapamempuyeckan epynna f (t)} 
AUHEUMOLX ONepamopos sadasana OuKamuuecKyto cucmemy f (t) p, Cocmamo4Ho 
eolnoAHeHUA OByx Yycanoeuti: 1) f(O0)=1; 2) f(t) cunzono Henpepolena npu 
t = 0 (neo6xodumocmbe amux YCAobuti OveBuOHa). 
WoKxa3ateabctBo. Tpe6yerca TobKO YCTaHOBHTb HelipepbIBHOCTb 
cbyukunu f[(¢f)p Oo coBoKynHocTH aprymMeHTosB. Paseuctso limf (t) p= 
to 


= oe f(t —to) f (to) 2 =F (é)) Pp MoKaspIBaeT cHIbHyIO HenpeppiBHocTe f (Zt) 


Ha BceH oc. Orcioga cyleqyeT HempeppiBHocte ||f (¢) p|j ((®), erp. 31). Ecsm 
Teneph @<t<b, To qua mo6ok Touxu pEB sup|f(t)pi<c u, no 
t 


teopeme Banaxa ((°), Teopema 2.12.2), muoxectBo {\f (¢)|} orpaHu4yeHo 
uucuiom M, 3aBucslluM TombKO oT a ub. Ucnomsys ouenky || f (¢) p — f (to) Poll < 
SFO le—pol 417 (© po—f (fo) pol, aerko 3aKoHUHTh OKa3aTeNbCTBO. 

MoxKHO TpuBecTH MpuMepbl Toro, uTO ycwoBua 1) u 2) He BBITeKaiOT “3 
APyrux yCJIOBHH TeOpeMbr. 

Teopema 3. Ecau 3adana odHonapamempuueckaan epynna aunetinelx 
onepamopoe f(t), Oeticmeymujux 6 KONeUNOMePHOM Npocmpancmee, mo U3 
CUAbHOU HenpepeleHocmu f(t) npu t=0 caedyem pasHomepnasn Henpepele- 
nHocme f(t) npu t =0. 

JLoka3sateaberso. Jlonycrum npotusuce. Ilockompxy ||f (t) — f (0) |= 
= oD ee —/(0)]p|, TO onyuyenHe o3HayaeT, uTO cymlecTByeT 4HCIO 


a >0O, uNcnoBad nocmeqoBaTembHOcTb fy, fo,..., tn,...—O WM mMocmeqoBa- 
TEJIbHOCTh TOUCK MPOCTPaHCTBA Py, Pa,- ++) Par++ +s | pnll<1, Taxne, uTo upx 
JNOOOM 1 BBIMOMHAeTCA HepaBeHcTBO || f (fn) P2—f (0) pall >a. Tax Kak B 
KOH€UHOMEPHOM MmpocTpaHcrBe ccbepa |p|<1 KOMMaKTHa, TO MOXKHO Tipeqno- 
JOX%KUTb, uTO lim pn=q. B Teopeme 2 JoKa3aHo, uTO cHAbHaA HeIIpepbIBHOCTb 


f(t) Baeyer 3a co6oit HempepbIBHOCTb (pyHkuun f(t) mo coBoKymHocTH 
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aprymentos. Ilepexoqa kK tpeqety B HepaBeHcTBe fF (tn) Pa —F (0) pall >a 
Mpa — oo, lpujem K mpoTuBopeunio: |f (0) q — f (0) q| >a. 

Cuencetsue. B Koneutomepxom npocmpancmee aunetinan OunamuuecKaa 
cucmema eceeda coomeemcmeyem JudepenyuancHomy ypagHenuto. 

Jlaa JloKa3aTembeTBa JocTaTOuHO comocTaBUTb Teopempl | u 3. 

Onpexeanexune. J[pe munelinpie qunamuueckue cuctemt f(t) p u g (t)q, 
peB, qe B, Ha30BeM JIMHEHHO TOMeCOMOP(HBIMH, eCAH CyuecTByeT 
TaKOH JIMHCHHbIM B3aMMHO-HeNpepbIBHbIH Ms0Mop(pH3M © GaHaxOBbIX Mpo- 
Be el, B’, uTO us paBenctBa g = M(p) cneyer papenctso g(t) g = 

Teopema 4. Ecau aunetinas Ouxamuueckan cucmema f(t) p coomeem- 
cmeyem Oudpepenyuanonomy ypasHenuto (1), mo amum oe ceoticmeom o6aa- 
ea ve a OunamuuecKkaa cucmema g(t) q, aunetiHo eomeomopdnaa cucme- 
Me p. 

Hokasareabcrso. Ilyctrhg = ®(p), g(t)g=®-f (t) p. Hop = © 1 (9), 
nostomy g (t) = -[(t)-®, |g(0) —g()| =| © [FO)—F (1) ©2 |<] O]-F O)— 
— f (¢)||-|® +]. CnpaBeympBoctb Teopempbl Tenepb oueBHyHa. 

Xu ((°), erp. 225) ormeyaet: «Bcerga sm |T (¢)|| Hempeppieua, 
HeusBecTHoy. B naumx o6o3HayeHuax T (?)— 970 f(t) npu ft >0 (nonyrpyn- 
tla omepatopos). Mb mpupeyem cefuac mpumMep Tako sMHeMHOH JuHnamuyecKon 
cuctempi f(t)p, y KoTopo |f(t)| pasppraua npn ¢—O u, Tem Oomnee, HeT 
PaBHOMepHOH HenpepprBHocTu f(t) mpu f= 0, TaK Kak 


IFO —F Oi SF} |—-F OM. (2) 


B xauectBe OaHaxoBpa mpoctpaHctBa B BO3bMeM MHO2KeCTBO BCeX Bellle- 
CTBEHHBIX (pyHKWMH y (x), HempepbIBHbIX B 3aMKHYTOM MHTepBale [— ov, ov], 
MW Ollepaiwwu ompesesIMM eCTeCTBeHHbIM OOpa3s0M. PyHKuHIO y(x) KaK TOUKY 
mpoctpauctsa B OyjemM oOo3HayaTb OyKBoH p. Ilycth g(x) — m6aa cynK- 
WMA, 3ayjavHad Ha BCeH YMCIOBOH OCH H OrpaHHyeHHad MOJIOXKUTeJIbHbIMM UMCJa- 
mu: OM a<g(x) <A. Ecnu p=y(x), To nonoxum||p|= sup |y(x)| g(x). 

—0O << X¥ << CO 


JlerKO MpOBepiTb, YTO BbIMOJHAIOTCA AKCHOMbI HOPMbI, H YCTaHOBUTb NOJHOTY 
mpocTpaHcTBa. Onpegemum B mpoctpaHcTBe B juHamMuyecky1o cuctTemy f (f) p. 
Eom p = y(x), To nonoxun f (t)p =y(x +7). Bpinommenve axcnom Aj, Ag, 
Ay O4eBH HO. 
Tenepb nokaxem, uto limf(t)p=/(t,))p. Bospbmem dukcupoBannyio 
tt, 


TOUKY p = y (x) WM MpousBobHoe e >0. BemeacTrBue paBHOMepHOH HelpepbiB- 
HOcTH dyHkuuu y(x) Ha [— oo, oo] cyulecTByeT Takoe 4McIO 6 >>0, YTO 
npu | Ax|<6 u m1060m x € (— oo, 00) BbINomHAeTcH HepaBeHcTBO | y (x + Ax) — 
— y (x)|<¢/A. Myer | t —fo| <8. Torga| f (¢)p—f (to) P| = Se ee 


—y (x +b) e(x) <Z-A=e. 
IIpu dbuKcuposanuom ¢ oneparop f (¢) aqaurTuBeH mu ogHopojen. /LoKaxem ero 
orpaHuentoctb. B Hauiem cuyyae |p| <1 o3HayaeT, YTO Sup ly &)\) oes 


Tem O6oee, |y(x)|<1/a. CuegopatesmbHO, ji | = aa lf Q)pll< 
Pj} S1 


<< ED) sup |y(x+t)|g(x)<A/a. OrvmM joKa3aHO  BbINOMHeHHe 

{y(x)|<1/a —o<x<0o 
BCeX YCJIOBHH TeopeMp! 2. 

Croiictsa ||f(¢)| sasucar or sBuga (yHkunn g(x). Hanpumep, mnycts 
g(x) =1 mpu x <0, g(x) =1/. mpu x >0; F(t) [|= 1 mpa ¢<0, [fF (2)| = 2 
npu t>>0. Torga |f(¢)|) Mower wMeTb HM CueTHOe YHCO TOYeK paspbIBa. 
gf 414 
aqaax<0 g(x) =1. Moxuo yOegutecs, uronpan—I<Ct<gqn (n= | 2heae) 
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Tloxaxem 970. Ilycts npn n—l<xcn(n=1,2,...) g(x)= 


ee ont 
H mi060mM x g(x — Sor 
viMeeM 

sup |y(x)ig(e—f)< 


lf @)el= sup ly@+)lEH= 


|p |- 


ontl ont 
eel ly (x) la) OF NE Aa DP ntl 
Orcioja 
on+l 
JF OIS ad” 

UToObl yCTaHOBHTbh OOpaTHOe HepaBeHCTBO, BO3bMeM JI aHHoro (buKCH- 
popannoro ¢6(n—1, 7] p=y@) =) ‘apa wae =aox-+68 TpH 
n—l<ox<(n—1)4+3/,[t —(n—I)]; p= 2°r'/(2" + 1) mpux>/.(n—1-+t) 
(re « u B B3ATHI Tak, ¥TOOLI y(x) Obluia HempepbiBHOH). OueBHaHO, tpt =f- 
Ilyctb Temepb %) = —4/e[t—(n—1)]. Tax kak %)+¢=1/2(n—1-+?#), To 
y (Xp + t) = 27*7/(2" + 1), a g (Xo) = 1, mockoubKYy Xo < 0. Takum o6pasom, Asa 
YKa3aHHbIx ¢t up 

pntl 


[F@)pl= sup lye + flee) > yo + Ye +!) B)= mG 


Vrax, win n—l<t<n 
P ntl 
lf ( = sag 


IIpu ¢<0 ||f(¢)/=1, B yem serko yOequtsca. CueqosatembHo | f (t)| = 
= l/g (x) m pa3phipna B TOoUKax ¢ = 0, 1, 2, ..; 

MoxxHO OTMeTHTb, ¥TO Jake mpH g(x) ==1 Mbi NOsyuaeM JIMHeEHHYy!O AuHa- 
MHueCKyIO CHCTeMy, KOTOpadt He COOTBeTCTByeT HHKakOMy Aud epeHiiMasb- 
HOMY ypaBHennio (1), mpHyem B 9TOM culyyae ||f (¢) || == 1. Ja KoHeyHOMepHOrO 
mpoctpancTBa (pbyHkuua |f(¢)|| HenpepbiBHa, 4TO CweqyeT u3 TeopembI 3, 
cooTHoumenus || f (¢) — f (to) || <I fF (to) || f (¢—to) —/7 | wu HepapenctBa (2) c 
3ameHou f (0) Ha f (to). 


YpaJibCKHH YTOCyapCTBeHHbIli yHHBepCHTeT Tloctynus10 
um. A. M. Toppxoro 13 XI 1956 


UMTHPOBAHHAA JIMTEPATYPA 


1M. [. Kpeiu, Yen. matem. nayk, 3, B. 3(25), 166 (1948). ? K. Tl. Mepcug- 
ck, Usp. AH KasCCP, cep. matem. u Mex., Ne 97, B. 4, 3 (1950). ® K. Il. Hep- 
cuackui, M38. AH KasCCP, cep. actp., du3., MaTem. nu Mex., N2116, B. 1(6), 64 (1952)- 
*B. B. Hemp uxui, B. B. Crenanos, Kauecrsennan Teopua Aubbepeninanbybx 
ypapuennl, 1949. ° 39. X uaa, PyHkunonanpublit ananu3 uv Mosyrpynnpi, WJ1, 1951. 
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- g(x). Ecaun n--1l<tgn(n=1,2,...), TO © 


— a) 


Jornaynn AKkanemun Hayk CCCP 
1958. Tom 120, Ne 4 


MEXAHHKA 


B. A. CBEKJIO 


K TEOPHH YAAPA LMJIMHIPOB 
(I1pedcmaszeno axademuxom JI. M. Cedogeim 381 XII 1957) 


Gaaya 00 yape OfWHaKOBbIX MO pasMepaM MH MaTepHasly KPYPVIbIX WHVIMH- 
Apop pacemorpena A. H. J\unnuxom (1). Huoxe namaraetca npu6smKennas 
TeOPHA COYapeHHA MPOW3BOJbHBIX IMJIMHAPHYeCKHX Te WIA culyyad Hayasb- 
Horo KaCaHHA TeJl NopsyKa n> |. 

HcxoyuM 3 npocrefimel cxeMbI: 3a Bpema yapa ft, yyacroK jaBueHua 21, 
pacmpeyeyieHHoe Ha HeM JlaBIeHHe p(x,t) uM cua faBneHua P octTatwrTcsa 
HeH3MCHHBIMH, PaBHbIMH WX 3HaYeHHIO MpH CTaTHYeCKOM CXKATHH JIA CJlyuas 
HayaJIbHOrO KacaHHA n-ro MopsAyKa: 


Papper Dn Dm hae 
P (Xo bo) =r VE — bee esa 


2n(28 — 2) cae ete 
as (2n—1)...1 pn—2 |’ 


SCR ONG ja 2”) (0) + FE”) (0) | 
(Zia 2 eee a font (2n)! (0, +4)  ” 
2 
fj (*) ompeyesmsioT copmy HampaBsaroulMx WuMHApos; 6; = ——(1 — v2); 


E; —moyyab tOura; v; — noctosuHas Ilyaccona. 
BpipexkemM 43 WuMHApoB WucKH TomMuHOIO A=1. Ilyctbh my, WH my—uUx 
Maccbl, «(¢) — COmmxKeHHe oceH. Tora 


ae, (Viet eae Gi ore (2) 


"m+ me 


Mutrerpupys c yyetom ycuiopua «(0) = 0, Haxoqum 
AP da, 
a(t) = ot — pf, 00 = ele, (3) 


Ecam t, =1/.t2-—- MOMeHT OKOHYaHHA MepBoro akTa ylapa, To (da/dt),, = 0, 
HM MbI TMoslyuaeM: | S 
4 Mv, 
ty = a“ F) a (¢) = Kmax = % = oy ho (4) 


J\ia OTbICKaHMA Hev3BecTHBIX ¢,, P, / ycTaHOBMM elle OMHY CBA3b Me*Ky 
HHMH, OOpalliasich K KOJIe6aHHAM, KOTOPbI€ BO3HHKalOT TIpH yylape B CONpH- 
KACAIOIUXCA CeYeHHAX JMCKOB. ITH ceyeHHAH B pacueTaxX 3aMeHAeM MOJy- 
muliockocTamu. Jia MepBo MOMyMOCKOCTH Np OTCYTCTBHH HauaJIbHbIxX ]aH- 
HbIX HM MaCCOBbIX CHJI MOJIYYHM JIA CMeIeHHA B HalpapseHHn ocu Oy (°*) 

Does tte) = 4 (ar \\ vop (x, t) dx dt] — zal usp (x, t) dx at| , (5) 


2m, | OY 3 0 3 


rule vo — aHasOrHuHble CMelLeHHA, OlpeyedeMble (pyHTaMeHTaJIbHBIMH  pelile- 
Z 
HHAMH JIA MOJIYNJIOCKOCTH. 
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HerpyJHO onpaByaTb BO3MO2KHOCTbh BHECeHHA 3HaKa MPOMSBOAHBIX MOM — 
3HaK MHTerpasa UM 3alMcaTb OKOHYATebHO JJ OOEUX NOJyMIOCKOCTeH 


abil (Viiej=® p(x, 1) | 
Cen) a 70; \ me F ; (9) xg dxdt (j=1,2), (6) 


ty —t 
rye 6= ae ; S; ompeyenmorca HepaBencTBamu 7; <a; (to —t), OSES bon 
nO) 
Qj — CKOpOcTH MpoxOmbublx BowH; F; (6) — byHKuns Penes. 
Ha yuactKe KOHTaKTa JlerkKO MOJIYYHM, KaK B CTaTHYeCKOM CJly¥ae, OCHOB- 
Hoe COOTHOMEeHHE: 


Uy (Xo, 0, t) + V2 (Xo, 0, £) = a (£) — f1 (%o) — fa (%o)- (7) 


TlopcraBslasd UV; HW VU, U3 (6), OyeM MMeTD: 


“ iV 1/2 —@ dx dt 
Pilon mee i etre (8) 

TlonoxxuM X%) = 0, uw MycTh ajtp/l<c1; torga S; OyyzeT TpeyrombHHKoM, 
w306paxKeHHbiIM Ha puc. |. Pasmoxum (1) B paz: 


1 2n x5 xo 
p (0s te) == [a + Ba(n) 2+ Balm et... |, (9) 
p rye By, By, ...—¥3BeCcTHbIe KoasdppuUNeHTHI. 
Tlogcrapasaa B (8), nomyunM (f, (0) = f. (0) = 0) 
asst si 
P y 4 to J } o V t/a? = 02 
mT] « pA F , (8) 
paige —a; (to—t) ‘ 
* 2n Xo d 
xX Esse + By (11) a aaeene | = a (fo). 
(10) 
Pre. 4 Tlonaraa y = — , 6YReEM MMETb 
0 


aj (to—t) . a a; i —————— 
f ‘V 1/a? — 0 a ie iV 10% —1]9? dy 
a \ Fi(tiy)  =y? 


We iV ta 8 ¢ iV eg — 6 
i GAG: by age — OF 
ea gy dt = (to—#)? | Re i 

0 


Yecmosue (10) nocne B3aTHa wHTerpanos mo ¢ nu coKpauleHua Ha to mepe- 
NWWeTCH B Bue 


a 4 2n 4 Gets 
=e Eo toe + By (n) 4% ®;(k) + .. | = ee (11) 


MbI 32ecb BOCHOsb30BaMCb paBeHcTBOM (3) H BBeH OGo3HaueHHA 


Sy ee) ee 


1 
ir mea : rane 
©, (t) = —(Re fet ar 0, (i) = (Re TT a 
0 j 


OF Cay Je TF A) | 
p | 
y 
Uf wa A ’ k; = — 
J a, 
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Yerpemaaa B (11) to kK Hym0, nonyuumM ucKomoe JONOJIHUTEIbHOe COOTHO- 
meHHve JIA cyuad KacaHHA n-ro oe 


ao ar see et (Rj) = Uo. (12) 
j=1 
Jina MocdJenyroulero yROGHO BBecTH GespasMepHbie KOmMUeCTBA: 
(pe aL; b; = e : 
a ou Elles: he etn ee _ (2n— 1)! 
es me 0 <p jb; (1 —&)) : Pn = Gaal? (13) 


Te Po, b) — XapaKTepHbie MOTHOCTH 4H CKOpOCTb MOMepeyHbIX BOJH JaHHOL 
cucTeMpl. B HOBbIX O603HA4NCHHAX 3aNHIeM 


An on fe Oi 0) 
— ——— a es 4 
i = bn 01 Se 05 l ’ A,= taal ae 6, + 6 = Qrp.boNo, (14) 
a w3 (3) uw (5) Haliqem: 
al ae mal . 
CU ee Pas ae apse RAIA Nese 
ina on. =o ee eae ene (15) 
21 on 
ee ah, 2n ene on 
Butt inf etme eaten -2n—1L rye = 
Pin ( ("5 ) Vn an Me re Bovis 2n=1 Aba ly : (16) 
on 
1 1 ( on ) 2n—1 
enms Ae ee M \2n—1 
ty = on on h foal rT (17) 
T 2n—1 NN 9n—1 b 2n—1 v 2n—1 
(+) 


P BbIpaxKaeTcaA yepe3 % NO cdopmyuie 


2n an 


TER Teeth ee Sat 
Bee ee) | a) TNH 
bs —_ an n 
x bp (an) pos oAnee apeonune (18) 


Orciofia BUHO, UTO C BO3spacTaHHeM  CBH3b MeKY P HW a crpemuTca 
K JMHeHHOH. Boobure, B Cly4yae KaCcaHHsA 1-rO NOPAAKa MBI 34eCb MpHxXoOZuM K TeM 
Ke BbIBOJaM, YTO M B TPeXMePHOH s3ayaye, OCHOBaHHOH 
ua runorese Tepua: 1) 3aBucumoctb ft, OT Ha¥albHO CKO- 
POCTH Vo OcMaGeBaeT C yBeMYeHHeM 1; 2) IPH NM = oo CHa 
jaBseHus P OKa3biBaeTcsA TIpOMOpUMOHA Jb HOH Go,; a 9TO 
“rlocueqHee — OTHOWeHHIO HavasIbHOlt CKOpOCTH Uy K Op. 
Tipu n= 1 copmysa (18) TepaeT CMBICJI. 

IIpumep. B kauyecrBe mpymepa pe yaap 


| Kpyrsioro pce yy = fi (x) = R(1 = V pie fhmoey = 
| ee 
eon aa ee spr x4 0 napabory Y2= fe (x) = 35% hee Dy: 


_ Marepuastt Tel cuuTaeM ojMHakoppimu. Mmeem: 1 = 2; 


= = il 
k=P fa A= 1/8R% pals B=); po= pido = bi y- =(1 — 2) Oo: 


Ny =(1—Rk)/2; =m, = o0. 
4 Banas 296 


@Mopmyabt (15) — (18) mpumyT Buy: 


l a ee 9 2 
(ae / InN, 3 R; P= 3M Ns Vf 2aN Poi; 


(19) 
8R ; 4R Uy ‘Is. 
3nNiN2|/ 2nN,b?0 SN Ne \/ 2m 
3x \3 NUNS 2 
P=? (=) R eb ar 
Ta6nuna 1 
Martepuasbl | k | ®,(k) 
Matep. c A=v. (cTeKJI0) 0,3333 | 0,8848 
Crab 0,2938 |: 0,7659 
HecxuMaemas cpefa 0 0, 4346 
1 
Vi/yz—1 d 
Jaa nogcyeta N,Hayo 3HaTb Dy (k)= — ( Re a ad STOT HHTerpad 
0 


B TOUKe 4 =C/a (C—CKOpOCTb NOBePXHOCTHBIX BOJIH Pees) cyulecTByeT 
B CMbICe rviaBHoro 3HayeHuA no Kom. B ta6a. | npHBeqeHbl HeKOTOppIe 
gHayenna (Rk) u B TAO. 2— OCHOBHBIe BeJIMYHHbI NpH yfape AMCcKa O Ma- 
pa6omy (06a Tela H3POTOBJIeHbI H3 CTasIH, BO Bcex cuyyaax R=1 cm). 


TaOauna 2 
Craxup (E = 24-10" pua/cm?, 9 = 7,8 n/ ems. v — 05,2901) 2 orn) 


es ee Ph, pun 1, cM ta, CeK Op, CM 
1 il 18,18 4.10-6 2,6 0,67 
2 4 0,2-108 3,30-410-2 250-10-§ 0,7-10-4 
2 10 4,31-106 7,41-10-2 420-10-8 2,8-10-4 
” 100 92 ,83-108 A, oe Ome 00-40-68 20,5-10-4 
2, 200 233, 92-108 19,30-40-2 40-1076 20,5-10-4 
2 300 401, 28-108 22,10-410-2 30-10-6 20,9-10-4 


OrmeTHM, 4TO, KaK 9TO BHAHO H3 TaOs. 2, Bpema yyapa ft, Sombie 
MepvoOa HavOoslee MeJVJICHHbIX COGCTBEHHBIX KOJIeOaHH WUCKa. 


IlerposapoyzcKui Tloctynuso 
rocyapcTBeHHbIH ~YHHBepCHTeT 7 VI 1957 


WUMTHPOBAHHAA JIMTEPATYPA 


‘A. H. Hununk, Yaap u caxatue ynpyrux ter, Ma6p. tp., 1, Waa. AH YCCP, 1952. 
> ®. Opank, © Musec, Aupbepenuuanpnbie wu uHTerpanbuble ypaBHeHHA maTemaTu - 
yeckon dusuku, 4. II, ro. XII, 19387. 3 A. A. Wl traepmaun, Koutaxrupe sanqaun teo- 
puuH ympyroctn, 1949. 
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Jloknagp Akanemun HayrR CCCP 
1958. Tom 120, Ni 4 


AIPOLHHAMHKA 


E. A. KPACHJIbIIHKOBA 


‘ KPbIJIO KOHEYHOFO PA3MAXA B C)KHMAEMOM NOTOKE 
C CHMMETPHYUHbIM NPO®HJIEM 


(IT pedcmasaeno akademuxom JI. H. Cedoeoim 3 I 1958) 


1. PaccMoTpyM jBYxKeHHe TOHKOTO Kpblla KOHEYHOTO pasMaxa C yrvIOM aTa- 
KM, PaBHbIM Hysi0. Byfem mpequouaratb, YTO OCHOBHOe WBYXKeHHe Kpbila 
ABJACTCA TMOCTYMATeIbHDIM TIPAMOJIMHEHHbIM JIBHXKCHHeM CO CKOPOCTDIO, 
BOOOIMe, IepeMeHHOM H MPOMCXOANT BHYTPH OesrpaHWuHoro OObeMa CHRKUMAeMON 
*KUAKOCTH, MOKOALIeMca B OeckoHeyHOcTH. Bynkem npeaAmosaratTh, uro (opMa 
KPblla B TMJaHe NPOM3BOJIbHa, a MOBCPXHOCTb KPblla CHMMeTPHUHA OTHOCH- 
T@JIbHO MJIOCKOCTH JBHXKeHHA Kpbiia (', 7). 

Ha ocHOBHOe JBH2KCHHE KPblIa MOTYT OBIT HaJIOXKeHbI Mable WOOABOUHbIe 
| KOMeOaTeJIbHble [BUXKEHHA, B KOTOPbIX NOBEPXHOCTb Kpblla MecdopMupyerca. 
| IIpH 9TOM KOJIeOaTeJIbHble TBHXKCHHA TIPOHCXOLAT Ta- 
KHM OOpa30M, 4TO B KaKbIli MOMeCHT BpeMeHH T10- 
BeEPXHOCTb KPblJla COXPaHAeT CHMMETPHIO OTHOCHTEIb- 
“HO IJIOCKOCTH JBHXKeHHA Kpbia. 

Bo3bMeM IpaBylo CHCTeMy MIPAMOJIMHEHHbIX OCeH 
KOOpAHHAaT Oxyz, HEH3M€HHO CBA3AHHbIX C MpocTpauH- 
'CTBOM, B KOTOPOM IIPpOHCXOJMT ABuKeHHe Kpblia. Ocb 
| Ox HallpaBHM TO HampaBMeHHiO JBHXKeCHHA Kpblla, a 
| MuIocKOcTbh XOy pacmosIO%XuM Tak, YTOOb! KOOPAMHATHI 
2 TOUeK MOBePXHOCTH Kpblla OblwIH MaJbIMH (puc. 1). 

SaKOH OCHOBHOPO JBHXKeHHA KPblla 3a]aH B Buse 


t= F (2); (1) i 


|| rye F —npoussosbuad HenpeppiBHasd (byHKUMA BPeMeHH; MycTb, WIA Opee- 
| meHHOCTH, KOOpAuHaTa Xx OyeT KOOPAMHAaTON KaKkol-1HOO (PHKCHpOBaHHOM TOU- 
KH O, Ha MepeqHeH KPOMKe KPbla. . ; 

| HopMasibHad COCTaBJAIOlad CKOPOCTH COOTBETCTBEHHO Ha BepXHeH HW HH K- 
|| HeH CTOPOHaX MOBePXHOCTH KPblJla 3aaHa NO 3aKOHY: 


eye we¥ On = — A, (2) 
rye A — (yHKWHA BpeMeHH H TOUeK Ha MOBeEPXHOCTH KpblJla — OMpejeeHa Kak 
A=A,+41 (Ao=— F’ (é)8). (3) 


@ynxuuu 8 uv Ay 3aavbl B KaXKOH TOUKE Ha NOBEPXHOCTH KPbula. ITu (pyHK- 

|| IMM MaJIbl H ABJIAIOTCA MPOH3BOJIbHIMH HHTeErpHPYeMbIMH PYHKUHAMH CBOAX 

|| apryMentos. IlepBoe cularaeMoe B BbIParKeHH AA A oTBeuaeT OCHOBHOMY JIBH- 

|| 2KeHHIO KPblula, BTOpoe — OOaBOUHbIM HeEYCTAHOBMBIIMMCH ABH KCHUAM. 

| Tlorenjvan cKopocTH 9 BO3MYUeHHOFO ABHXKeHHA XKHKOCTH H ero Mpon3- 

|| BoHBIe OyeM CUHTATb MAJIbIMH BeHUMHAMH MepBOrO NOPANKa M MpeHeOperaTb 
MaJIbIMH BeMUMHaMH BTOporo NopsAyKa. Saqavy paccMaTpHBaeM B MHeapusH- 


POBaHHOH MOCTaHOBKe. 
4% Bt 


[lorenwual CKOpOCTH, KaK H3BeCTHO, YAOBJICTBOPACT BOJIHOBOMY YPaBHe- 


HUtO 


Pax > Pyy ak P22 ga Pu 0, 


il 


; (4) 


rye @—CKOpOcTh 3ByKa B HeBO3MYILeHHOM cpeze. | 
[paHu4uHbie YCOBHS Ha MOBePXHOCTH Kpblla MepeHeceM MapasJebHO OCH ~ 
Oz Ha mpoekumio & Kpbiia Ha HEMOABUKHY!O IJIOCKOCTb xOy. Takum 06pa30m, 


Z — onye a? (t-t)*-(a-&)*-(y-4)?=8 


Puc. 2 


Tak KaK © ABIAeTCH YeTHOH yHKUMeH 
KpaeBpad 3ajlaua COCTOHT B_ cJIeqyrouleM: 


Kpbpiuia. Mrax, 
@ (x, y; 2; 0), KoTopaa yfo- 
BleTBOpsAeT ypaBHeHHio (4), 


rpanuunbim yesiopuam (5), (7) 
M MpOw3BOAHbIe KOTOPOH ucye- 
3atoT B GecKoneyHocTH: lim o,= 
=lim 9,=lim 9,=0 npu ron, 
me r=V xt y+ 2. 
* 2, K pemlenuio KpaeBoH 3a- 
‘Wau MPpHMeHu4M MeTOL, H3JI0- 
*KeHHbIN B padoTtax (3, 4). 

~ OOpatumes k WpocTpaHcTBy 
N€peMeHHBIX xX, y, t. PaccMmor- 
pum o6macTb V (puc. 2 u 3). 
O6nacth V orpannuena moBepx- 
HocTbio &", KoTOpad mpeycrasB- 
MAeT COOOH TeoMeTPH4eCKoe Me- 
TO KPHBbIX, H306paxaroulux 
3a4KOHbI JBHKeCHHA TOUeK KOH- 
Typa kppita. TlycTb KpuBaa 
AQ,BD, o6pasyrouaa KoHTyp 
‘Kpbiia (puc. 1), 3aqana ypas- 
HeHHeM Yi = (x1) B MOZBHxK- 


‘HOH CucTeme KOOpAuHaT x,O,y,, rae x, = x — 1 pA U8 ag) i 
‘HOCTh 4. ollpejlensetca ypapHenvem y = WV [x — F(f)] ==) (eat), 


KOTOPbIe JOJI2KHbI 


Ha OCHOBaHHH 3afaHHOrO 3aKOHAa 
(2), Nomy4aem ycnoBuad O6TeKaHHA 


= A(x, y; t), (9) 


o =—A(x, y, 2), (6) 


BBINOJIHATBCA 


COOTBETCTB€EHHO Ha BepXHeH U 
HH2KHEH cTOpoHax &. 

Beroqy B muiockoctH xOy BHe ~ 
o6acTH & BbIMNOJIHAeTCA ycuIOBHe 


o, (x, y, 0,-t)=0. (7) 


Samauy ocTaTOUHO pelIHTb 


WIA BEPXHerO MOJyMpocTpaHcTBa. 
IloTeHuHasl CKOPOCTH B HH2KHeEM 


mouympocTpancTBe HalifeTcA Kak 
Qo , y ie Z, t) - o (x, Y, z, ty 
TIpH MPAMOJIMHEHHOM JBHXKeHHH 


HalTH (YyHKILHIO 


Konyc a*(t-t)?-(a-&)*-(y-7)*=0 


tgv=a 
M (Z,Y,0,0) 


Puce. 3 


Torga mMopepx- 
B o6macTu 


V saqana mpousBoqnaa ©, cormacno yenoBuio (5). Bue oOmacru V_ mnpons- 


BOJHaAA Oz 
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paBHa HyJ0 CormacHo ycoButo (7). 


Popmywa, KoTOpan ABJIAeTCH pelleHHem ypaBHenua (4) uw ycraHaBaMBaer 
|| SABHCHMOCTb MEK Ay MOTEHILMAJIOM CKOPOCTH © B MPOH3BOJIbHOH TOUKe MpocTpan- 
| cTBa (xyz) RBM2KeHHA KpbiJIa HW HOPManbHO K MnOcKOCTH xOy mpou3sBoqHOr 
| 22 Nuit JuOOoro MoMeHTa Bpemenn ¢, oyueHa pauee (2,‘) w uMeeT BHA: 


: 1 
att Ref Ot ~ VEO Ota 
siz, yon. Y CFP OEP EOS OG —at tt a2? 


S, (8) 


Te HHTerpHpoBaHnHe Paci pocrpanxAetca Mo NopepxuocTu S—sBerBu runepOomousa 


a? (t —*)*— (x 8 —(y — 7)? — 2" = 0, (9) 
MpocTuparonjeica B O€CKOHEYHOCTh B CTOPOHY yObiBaroulNx 3HaueHHi BpeMeHH. 
EcJIM MpousBonyto 9, ONpekenuTb 43 rpanMaHDix ycnoBuii (5) u (7), To dop- 
Myvla (8) H pescTaBuT uckomoe pemenne. Ilo dbopmyse (8) Mo2KHO BBIMMCJINTS 
NOTEHIMAa CKOPOCTH AIA MOS COBOKYMHOCTH NepeMeHHBIX X, Y, 2, t, CCIM B Heit 
NOJOXKUTh MPOU3BOAHYIO ©, (€,4,7) = A (&, y, *%) HW pacMpocTpannTy uuTer- 
pupoBanue Mo Toh yactH S* noBepxHoctu S, KoTopad MpunaliexuT o6acTH 
V. B ocrapmeiica uacrn S — S* 97a mpousBoquan paBua nyo. Ha puc. 2 
u306parxKeHoO B3SaMMHOe pacnosow*KeHHe NoBepxuoctet &* nu S npn cBepx3By- 
KOBOH CKOPOCTH JBYXKeCHHA Kpblia, Ha puc. 3 — pu JosByKoBon (/* — mHHHA 
mepeceueHHaA MoBepxuocteH S u &*). 

Takum o6pa3om, cdbopmysia (8) Haet adcbexTuBHoe pemenue 3anauy B Cyyae 
CMMMeTPHUHOTO OOTeKAHHA KPbIWIa, KOILa KPbIJIO ABU2KETCA MO MPOW3SBOJIbHOMY 
3AKOHY Kak CO CBEPX3BYKOBOM CKOPOCTbIO, TaK H C AO3BYKOBOH. 

Safaua 06 o6TeKaHuM yCTaHOBMBIIMMCA CBePpX3BYKOBbIM MOTOKOM KDpbIla 
KOHEYHOFO pa3Maxa C CHMMCTPHUHbIM Mpo*uJieM HM HYJICBbIM YIJIOM aTaKM pe- 
mena B paOoTax (1, 2). 

3. IlyeTb KpbIIO MBUXKETCHA C MOCTOAHHOLM CKOpocTbIO w. B 3TOM culy4ae 3aKOH 
ABYXKeHHA Kpblia uMeeT BU x = F (t) = ut. Tlopepxuoctp %* saBaseTca WH- 
JIMHApHuecKOH MOBePpXHOCThiO C OOPasyIOULHMH, HAKJIOHeHHbIMH K ocH Of nod 
yrJIOM, TaHreHe KOTOpOro paBeH Ww. B cbopmyuie (8) Nepeem OT MOBePXHOCTHOTO 
|| MHTerpasa K JBOMHOMY HHTerpasly c MIocKOH OOacTbIO MHTerpHpoBaHHA B MO]- 
|) BUXKHOM NOCKOCTH X,0,Y,, BMKYyUelica co cKopocTbIO u Kpbiia (pue. 1). Eenu 
|| iu <Q G, CKOPOCTb JBHKeHHA KPblJia ABJIACTCA OS3BYKOBOH, TO MouyuuM PopMywly 


1) — 2ne (X1, Yi, 2, t) =y 
| as VARESE Ge 
/ aa\ {é m1, 0,¢ a a9 = Cat) ee Ye) ee \ 


didn, (10) 


V (xy — &1)? — BR? (ys — m1)? — RZ? 


rye MepeMeHHble HHTerpupoBaHA M3MeHAIOTCA B Mpeyemax — co <&< + %, 


—ocn<touk=Vur/e—1. 
|| Ecm u>>@, CKOpOcTb JBHXKeHUA KDPblla CBepX3BYKOBaH, TO MNOJyYHM 
|| w3BecTHy!0 dopmyvly ((°), ra. I, d@opmyaa (3,1)). 


— Qro (Xz, Y1, 2, t) = 


Pe {bu oa — i we = a V (x1 — &)? — R? (y1 — 11)? Pe P 
= ‘ 2 252 did, tf 
V (x1 — &1)? — B (y1 — m)* — Pz 
+ aHavlorvuHbili yleH CO 3HaKOM MHHYC Nepey payukasiom. (11) 


Tlepemennpre unterpupopanua B (11) usmeHsioTcH B Mpeqemax 


%,— kz 5+ 0, 


Oi = Ce ee a V (4 — &)? — A2?. (12) 
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4, IIpu noctpoenuu pelieHua 3ayauu B MOABH2KHOM CHCTeMe KOOpAMHAaT 
B pacCMaTpHBaeMOM B MyHKTax | u 2 cyuae CHMMeTPHYHOTO OOTeKAHHA KpPbLla, 
KOPLa KPbIIO JBUXKeTCA C MOSBYKOBOM CKOPOCThW, 'BopMy.ie (10) uaTerpupo- 
BaHue pactipocTpaHserca lo Bceli O6lacTH L— MpOeKIMH KPblIa Ha MJIOCKOCTb 
xO,y, (usu xOy). Ecau Kpbio 2BYOKeTCA CO CBEPX38BYKOBOH CKOPOCTBIO, TO B 
tbopmyste (11) wHTerpupoBaHne pacnpocTpaHAeTCA TOJIEKO M0 "acTH OOacTH &, 
KOTOpad pacnowomweHa BHYTPH OGJIacTu, OMpeeseHHOH HepaBeHcTBaMuH (12). 


MuctutyT MexaHuku Tloctynuso 
Axaylemuu HaykK CCCP 1 XII 1957 


UWHTHMPOBAHHAS JIMTEPATYPA 


y %4T. von Karman, J. Aeronaut. Sei: 14, Ne 7 (1947). 2K. P. Puekedtt, Je Aero. 
naut. Sci., 13, M9 (1946). % E. A. Kpacuabmukosa, JAH, 117, N 5 (1957). 
*—. A. Kpacuapbmuxkosa, VWss. AH CCCP, OTH, M3 (1958). 5 E. A. K pa- 
CHI bINHKOBA, Kpbli0 KOHeUHOTO pasMaxa B CxKHMaeMOM HoTOKe, 1952; E. A. Kra- 
silshchikova, NACA, Ne 1383, Sept. (1956). 
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Hoxnagn Arangemun nayr CCCP 
1958. Tom 120, Ne 1 


ACT POHOMH 1 


HM. M. TOPJOH wu J. 7. MHYAXYUH 


-K BOMPOCY O NOJIAPHSALMM CBETA B 3MHCCHOHHbIX JIMHHAX 
HECTAUWHOHAPHDIX 3BE3],, BOSBY)KJAEMbIX CHHXPOTPOHHbIM 
H3J1Y VHEHHEM PEJIATHBUCTCKHX 3JIEKTPOHOB 


(ITpedcmaéaeno axademuxom B. A. AmO6apuymanom 6 II 1958) 


B nocaeqHve rojb! OblvlIo OOHapyKeHO MepeMeHHOe MO HHTCHCHBHOCTH HeTe- 
MJIOBOe H3JIyYeHHe B CMe€KTPpaX HeCTAMMOHAPHbIX 3Be3, Pa3JIHUHbIX THMOB. 
B. A. AmOapttymau (*) H OfMH u3 apropos (7) MoKa3asIN, UTO H3my4eHHe, C KO- 
TOPbIM CBA3AHbI KOeOaHHA Oulecka 3Be3 THNa T Tempua u UV Kura, umeer 
HeTeMJOBYIO lipupoxy. CymlectByeT pA OCHOBaHH MOMaraTb, YTO HCTOUHHKOM 
HETeIMJIOBOFO H3JIYYCHHA HECTaWHOHAPHBIX 3Be3, ABJIACTCA CHHXPOTPOHHOe H3J1y- 
yeHHe PeJIATHBHCTCKHX QWI€KTPOHOB. OHM H3 aBTOPOB Oba pasBHTa TeOopuA 
BO3Oy2KJ@HHA SMHCCHOHHBIX CIeKTPOB HeCTAallMOHaPHbIX 3Be3, CHHXPOTPOHHBIM 
u3u1yyeHHem (*). B atux pa6oTax Opluio MOKa3aHO, YTO ECM SMMCCHOHHDIM cneKTp 
BO3OyKaeTCA JIMHEHHO MOJIAPH30BaHHbIM H3J1YYeHHEM B HEIPepbIBHOM CreKTpe, 
TO W 9MHCCHOHHbIe JIMHHH MIpH oMmpeseeHHbIX YCJIOBMAX Tak?Ke MOTYT OOHa- 
PYXHTb 3HAUHTeIbHy!O MONApHsaunio cBeta. AnawOrMuHEI scdpekT MOryT 
WaTb WU aOcopOWHOHHble JIMHHH. 
| Ilembio HacTosteH paGoTbl ABIAeTCA pacueT eNONAPH3alHH ZMHCCHOHHBIX 
|| JIMHHM BOJOpOLa, BOSHUKAIOWMX NPV pasvIMYHbIX YCJIOBMAX PacCeAHHA JIHHeH- 
HO MOJIAPH3OBaHHOLO CHHXPOTPOHHOTO H3J1YYeHHA Ha BO3SOYXCHHBIX ATOMAX BO- 
Wopofa. DTOT pacueT OKa3biBaeTCA IPpHMeHMMBIM H K ApyrHM Bosoposonojo6- 
HbIM aTOMaM. 

1. TlomapusatMonHble cBOHCTBa CBeTa, paCCeAHHOTO Ha BO3OYKCHHBIX aTO- 
Max, OblIH paccmorpenni B. JI. PepmaHom B paOore (*). Tam 2xe npuBosUTCcA cpop- 
MyJla JIM BepOATHOCTH paccexAHHA cBeTa. 

PaccmotpuM cilyyai, Kora BO36yKJeHHOe COCTOAHHe aTOMAa BOMOPOa BO3- 
HUKaeT 3a CU¥eT NMOMVIOWeCHHA JIMHeMHO NOMAPH30BaHHOrO cBeTa. Tak Kak JWIA 
ATOMOB BOMOPONa CyUleCTBYeT BbIPOXZeHHEe He TOJIbKO NO MarHHTHBIM, HO H M10 
A3HMYTAJIbHbIM KBaHTOBbIM YHCIaM, TO POPMYJIa AIA BepOATHOCTH paccesAHHA 
IIpHMeT BUI 

% 4 ° 
WH ~ Dapacg Dy (Fontm) NE Toes Neca PUP PE Ep TPP (1) 
N,LiM, 


(o6o3HaueHHA Te 2Ke, UTO B (*)). YepesHAA MO HaNpaBJeHHIO Ny H 1, (cM. (*)) 
WH BBOJA CHCTeMy KOOpyMHaT Tak, 4TOOBI J; Hu J, OblIH HaMpaBseHbI BOJIb 
ocu OX, a TakxKe yUWTbIBAA, UTO OCHOBHbIM COCTOAHHEM BOMOpOZa ABUIAeTCH 
1S (Ni =Nyz=1; Ly =1l,=0; My = Ma =0), OonyyuM 


Ww; ue (Beant lee (Usst = 1525), (2) 
rye Fy31141s — KOMMOHeHTHI TeH30pa 6-ro paHra 


N,LiM * \NoL2M * yNslsM 
(Finwrs)NiEM, = Dy (PiPp)nataat (CriCrs)witams (PmPm nati (8) 
L2M.L3Mz 
ys) 


Ec paccesuve cBeTa Mpou3BOqMTCd Ha aTOMax r1a3a, TO (2) re 
ycpeHuTb mo mpoctpaHcTBy (°,°). YcpeqHAa MeTOJOM, YyKa3aHHbIM B (); 
nowy 4HM: 


We Fin OS) 2 Pa (4) 


= 4 1 1 
rye Paya = Tos Sv Fijyoiie = Fiisius = a9 52 — 510 Sj. 


Cymmpt S, u S, 3apucat ot 15 wHBapHaHToB Tua Fipiztp, MOM YarOUAXxca 
u3 TeH30pa Fipiprs CBEPTbIBAHHEM MO TpeM TapaM MHJeKCOB. 

YuuTbIBAad, UTO TIpH paccesHuH HHuM 1, BOSOyxKJeHHbIe COCTOAHHA JO U 
mocme paccesnun 2S umm 2P wu uto TexH30p Cz; B ciyyae pe3s0HaHCHoro 
paccesHun smHMu H, paBeH . 


21M. 3L/M’ 
Ci ») (Pr)3im (Pidsrm, » (5) 
LM’ 
M BbIUHCJIAA MATPHYHbIe ZJIEMeHTLI JHNOJIbHOTO MOMeHTa MO opMyJiaM, MpH- 
BeJCHHBIM B (7), nOmyuyuM Juda S,; Hu S, B equnMuax C, rye C— HeKoTOpaa 
MOCTOAHHAN.. Sy == 02,0" Oy == 1. 
[lycrb HanpaBsieHue pacmpocTpaHeHua paccesHHoro cBeta n\%) jexKUT B 


mockoctH XY wu oOpa3yeT c ocbio X yrom a. Torga KospdpuinenT jenoss- 
pu3allun OyeT paBeH OTHOLIeCHHIO BePOATHOCTH paccesHuA (OTOHa C MOJIApH- 
3auveH, MapamiesbHOK ocu Z, K BepOATHOCTH pacceAHUA C NoOMApHsaluer, 
MapasieIbHOK mocKkoctu XOY: 


VS re 0) 


— Ww (® =— sina; i8)— cosa; 18) = 0) 


0 (6) 


MuHuMasibHbl KospPpHUneHT AenoApHsalnu upu « = x/2 cocrapaseT 7%. 
2. PaccmoTpum ciyyal, Korga Bo36yKeHHOe COCTOAHHe BO3HHKHeT MpH 
nepexoge 3JleKTpOHa Ha BTOPOH ypOBeHb H3 HempepbIBHOrO cneKTpa. YcpeqHAA 


(1) no 2, [ un, [ « BBoga TaKyo 2%Ke CHCTeMy KOOpguHaT, KaK H B 
NpebiyuleM cayyae, nomyuuM 


= 1 | 
Wre~ Dopey Di Fins Male; (7) 


3eCb U— CKOPOCTb duleKTpOHa. YueT mpaBus oTOOpa AIA JUMOIbHbIX MOMeH- 
TOB MIPHBOJMT K TOMY, YTO OTJIMUHbIC OT HYJIH KOMMOHEHTEI TeH30pa OyzyT 
TOJbKO Mp ABYX 3HayeHHAX L—npu 0 u 2. 


Ycpeyuaa (7) mo mpocrpancTBy, NosyyYHM 


v 4 : 
Wn. ae > oy ra >) (Finimlele (8) 


MLM, 


CpeqHHe sHaueHH KOMMOHeHT TeH30pa HaXOJHM aHasOrMyHo Mmpe_biyuremy 
cayuato. KosdunnenT Jenoupusalwn OKa3bIBaeTcaA paBHbIM 17,5%. 
_ 3. Paccmorpum Tenepp cayuali, Korga Bos6yxqeHHe mpousBo_UTCcA Heno- 
JIAPH3OBaHHbIM CBETOM, a PaCCeHBaeTCA NOMAPH3OBaHHOe U3JyyeHHe B. IMHuH Hy. 


B atom cayyae, ycpequaa (1) ee u m0 a”, 1, nonyyum BMecto (2) 
Ni N, 
We ~ (Fins) ls”, (9) 
rye Fyus — KOMMOHEHTEI TeH30pa 4-ro panra 
. NLM, : NLM; f Zl 3343 
Fits = >) >» (PPD (CaiCre)NM(P mP mn) NEM (10) 
L 


2M, LM; 
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Y cpequan MO MPOCTPaHCTBy TEM Ke MeTOJIOM, Nowy 4M 


Wr ~ Fan (1)? + Fra (1)? + Fisrs (I), (11) 
= 1 + = 1 
re Pia = 75 Sv Fioie = Fisis = oe Sy + 2 SH 


S; u S, 3aBMCAT OT Tpex HHBapHaHToB (Fiznn, Finn, F ikki) HW UMeIOT Culeqyto- 


‘IlMe 3HaueHva (B equHuax C): S,; = 22,5; S,=6 


IIpH 9TOM MHHMMaJIbHDIA KosppullMenT Jenouapusanun OyfeT paBeH 


j/@) — 4- (@) 78) 
SAR? Soe oe mle SE apes (12) 


WU) =1; 19) =18) =0) 45 


Onin = 


KaK U B Ipeybiqyulem curyuae. 

4. Hexoroppii wnTepec jd TeOpHH cleKTpOB HeCTaLMOHapHBIX 3Be37I 
MOXKeT peAcTaBUTb CJlyyaH, Kora BOsOy2xXeHHe MpoucxoyNT nox JelicTBHeM 
JIMHEHMHO MOJAPW30BaHHOrO cBeTa, Tora Kak pacceBaeTCad HeMOMAPH3OBaHHbIlt 
cpeT. [Ipopoqa ycpequenue qdbopmym (1) no n®), (2) —nanpapnenusm pac- 
MpOCTpaHeHuA M MOJIApusallMH paccevBaemoro (pOTOHa, BBOAA CHcTeMy KOOp- 
qunat tax, uro (1) =1, (2 =( =0, u ycpequaa no IIpocTpaHcTBy, mo- 
Jy4MM (opmyvly 


Wri st Fay (ds + Fiore ( 3)? + Fisis ee (13) 


re Fiz, Frere, Figig — Cpequve 3Hayenusat KOMMOHeHT TeH30pa 4-ro paHra 


Fitpr = 35 (PadNi (Cat)Ni (Pm) vi (Pp) vi (Cat) Ni (Pm) Nie 


NiNs 


BpruvciAA MHBapWaHTbl, HaXOJMM, YTO MHHUMMAJIbHBIN KOSpPPMUMeHT Jeno- 
WApusauwun coctapuT 75%. Takum oOpa30M, MaKCHMaJIbHad NOApH3alluA B 
muHun H,, oO6pas30BaHHOH pacceAHHeM e€CTeCTBeEHHOrO CBeTa Ha aTOMAX BOOpo- 
la, BOSOYKJeHHLIX JIMHeMHO MOJIAPH30BaHHBIM CBeTOM, CocTaBsAeT 25% . 

5. Jo cuX Nop Mbl pacCMaTPHBaJIM NOJAPH3alHOHHble cBolicTBa WHHHH H,. 
Bmecte C TeM 3HauHTeJIbHbIH HHTepec MpeACTaBIAeT BOMPOC O CTeMeHH NOMApH3a- 
UMM Jpyrux JMHUM OambMepoBCKOH CepHH, a Tak2Ke OaJIbMePOBCKOTO KOHTH- 


Hyyma. Pacuer moKkaspipaeT, 4TO (OpMYJIbI, MOMYYeHHbIe AA KoopPuuHeHTa 


AenOMAPWH3aWuuH JIMHHU Tg; COXPaHAIOT CBOIO (bopmy MW JWJIH COOTBETCTBCHHbIX 


cayuaeB W3Iy4eHHA Apyrux JIMHUM OaJIbMepOBCKOH CepHu, C TOM TOMbKO pa3- 


HHUeH, YTO B BbIPAKeHHe WIA MATPHUbI PaCceAHHA BXOAAT Apyrue pakuapupie 
unterpambt (Ro; BMecto Rs). Ogvako padHaJIbHble HHTerpadibl HUKaK He 
BJIMAIOT Ha 3HaYeHHA KOS@DUUMeEHTOB AenomapHsauuu. Ilostomy pesyvIbTaThl, 
NOWyueHHble Aa WMHHU H,, CIipaBeAMBbI WIA BCeX BbICIUHX WIeHOB OaJIbMepOB- 
CKOH cepuuv, a TakKe H JIA OambMepoBcKoro KOHN HENY yas SaMeTHM, YTO B 
cyuae KOHTHHYYMa pafMasbHble HHTerpabl Ky; 3aMeHAIOTCA palMaJIbHBIMH 
wuTerpasiamu R37 lyre U—CKOpOcTb 9/IeKTpOHa B HeIPepbIBHOM cnekTpe 
9HepruH. 

MakTuueckuii CMbIC TAKOFO pesybTaTa OVeBUeH. OH ABIAeTCH CleNCTBHeEM 
TOrO, UTO JeNOMAPH3aWMA paccesAHHOTO CBeTa 3aBHCHT TOJIbKO OT CHMMeTPHH 
COCTOAHHA paccenBalollero aTOMa, a He OT YaCcTOTbl PpacceMBaemoro cBeTa, 
B cnyuae paccesuua cepun Babmepa HJM OasIbMepOBCKOFO KOHTHHYyMa lenoua- 
pusallus pH CXOHbIX YCOBHAX BOSOYKAeHHA ONpeAeNAeTCA TOKO CHMMET- 
pue aTOoMa BOOpofa BO BTOPOM COCTOAHHH. 4 : 

6. HenocpeycTBenuble HaOJ0eHHA JlaHMaHOBCKUX JIMHUM UM JlaHMaHOBCKOrO 
KOHTHHYYMa B CIe€KTpaX HeCTalHONaPHbIX 3Be3 B HacToAllee BPeMA elle He- 
BO3MOXKHbI, TAK KaK JIA 3TOTO HEOOXOAMMO BeCTH HaOMoqeHuA 3a lmpeqenamu 
3eMHOH aTMocteppl. Bmecte c TeM IpefcTaBJIAeT HeEKOTOPbIH HHTePec OLCHUT. 
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JIeNOAPU3allHIO B JlaliMaHOBCKHX JIMHHAX HM JlaHMaHOBCKOM KOHTHHYYME. Pac- 
yeT, aHaJIOPHYHbI MPHBeeHHbIM BbILWe, MOKa3bIBaeT, YTO MPH PacceAHHH JIM- 
HeHHO MOJIAPH30BaHHOrO CBeTa Ha aTOMaX BOMOPONa, HaXOJAULMXCH B OCHOBHOM 
COCTOAHHH, KOXPPHUMEHT NeMOMApH3alHH PaBeH HYyJIO. ITOT BbIBOA BbITeKAaeT 
u3 cibepHuecKOH CHMMeTPHH OCHOBHOFO COCTOAHHA aTOMa BOJOpOsa. 

TakHM 06pa30M, MBI BHM, YTO 9MHCCHOHHbIe JIMHHH, OOpasyloliMeca MPH 
pacceAHHH MOMAPH3OBaHHOTO CBeTa Ha BOSOyXeHHbIX aTOMaX BOMOPOa, NOJ2K- 
Hbl OOHapyXATb nowipHsaunio cBeTa. IlonaApu3aluio pH WHOM MeXaHH3Me 
H31YYCHHA SMHCCHOHHBIX JIMHWM, KOTa BePpXHHli ypOBeHb OaJIbMepOBCKOH 
JIMHHH 3anOuIHAeTCA 3a CU¥eT BbIHYKJeCHHbIX PeKOMOHHALMH, a UCIycKaHHe 
OayIbMepOBCKOFO KBaHTa MpOHCXOAMT 3a C¥eT BbIHYKJCHHOTO M31 yYeHHA NON 
TeHCTBHeM JIMHeHHO MOJIAPH30BaHHOrO CBeTa, Mbl PaCCMOTPHM OTJeJIbHO. 

V3 coo6paxkeHuit, CBA3aHHbIX C PHHUHIMOM COOTBETCTBHA, BbITeKaeT, UTO H B 
3TOM CJlyyae NMOMAPH3allHA NO/KHA MMeTb MecToO (°). 

ABTOPbI BbIPaKaloT Mpu3HaTetbHOcTb Mpod. B. JI. TepmMany 3a neHHble AHC- 
KYyCCHH. 

ITpumewaxue npu Koppexmype. Hamu jonouHutembHO Obl pacCMOTpeH 
BONpoc O MOJApHsallHH cBeTa B JIMHHAX cepHH BasbMepa, H3ydaeMbIxX TIpv 
CNOHTaHHBIX TNepexoyax c yYypoBHeHh n> 3, KOTOpbIe 3alOJIHAJHCb 3a CUeT 
MHAYUMPOBaHHbIX PpeKOMOHHAWHH Moy feHCTBHeM JIMHeHHO MOJIApPH3OBaHHOrO 
U3J1y4eHHA. 

1. IIpu nepexoye Ha MeTacTaOHJIbHbIH ypoBpeHb 2S nomaApH3sallHA COOTBET- 
CTBCHHOH JIMHHM HHYTOXKHO Maia. 

2. Ilpu nmepexoye Ha ypoBeHb 2P (c mocmeyIoulMM TepexojOM B CTallHo- 
HapHoe cocTosuve 1S) nouwapusalua He T1peBocxoAUT 25%. 


Iloctynusio 
3 Il 1958 


UMTMPOBAHHAA JIMTEPATYPA 


1B. A. AMOapuym au, Cooom. Biopakanck. o6ceps., 18, 1 (1954). 2 HW. M. Top- 
x0 H, JAH, 97, 621 (1954). 3 HW. M. Pop gon, Doxa. AH YCCP, N 6, 551 (1956); Actpon. 
»*«YypH., 34, 739 (1957); Yu. 3am. AcTpou. o6cepsp. XapbKOBCK. roc. yHHB., 12, 15 (1957). 
*B. Tepman, JAH, 42, 168 (1944). 5B. JI. Tepman, K9T®, 9, 1215 (1939): 
®° Tl. Iamauex, Pemeepckoe paccesHHe u Paman-stdext, XappKop — Kues, 1935. 
* K. Bete, Ksantopan mMexanuka mpoctelimux cucrem, 1935. 
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Horxzagp Akagemun nayx CCCP 
1958. Tom 120, Ne 1 


MATEMATHYECKAA ®H8HKA 


M. B. MACJIEHHHKOB 
K TiPOBJIEME BAKA 


(IIpedcmaeaeno axademuxom M. B. Keadowuem 15 I 1958) 


PaccomaTpupaerca CTanuMOHapHad sayaya O 3aMeqWeHHH u Lubdy3uu HeiT- 
POHOB, HCMYCKaeMbIX MJIOCKMM HCTOWHHKOM, B O€CKOHEUHOM OAHOPOAHON ¥30- 
TPONHOM cpeme C Maccol appa sameqnutena M (macca ueiirpona mpuuata 
3a eMHUIY), NMapaMerpbl KOTOpOli He 3aBNCAT OT SHepruH HeliTpoHos. 
IIpegnomaraetca, YTO TeMIOBOe WBHXKeHHe Aep WH HX XHMMUECKHE CBA3H Mpe- 
HeOpexKUMO MaJIbl M YTO pacceAHHe HEMTPOHOB Ha AMpax ylpyro u UsOTPOMHo 
B CHCTeMe Il€HTpa Macc HeHTpoHa UM Apa*. Ora 3amaua Oblla u3yueHa PAOM 
apropos (!~®), mouITyaHBIINX W3BeCTHYIO acCMMMTOTUYeCKyx (opMyJy MIA Mpo- 
CTPAHCTBCHHO-9HEPLeTHUECKOTO PachpeleNeHHA MIOTHOCTH CoytapeHui HeliT- 
poHos. B MaTeMaTHUeCKOM OTHOMICHHH ee pelleHHe HanOoulee JasleKO MpOmsBHU- 
HyTO B pa6ote Buxa (*). OqHako IeJIbIo STHX PaOOT B OCHOBHOM ABJIAeTCA pas- 
BHTHE MeTOJOB BBIMHCJICHUA TWIOTHOCTH COYMapeHHA HeliTPOHOB Ha OCHOBe ytlo- 
MAHYTOH aCHMMTOTHUeCKOH dopMyIbI. B To xe BPeMA CaM BBIBOR ITOK (OpMyJbI 
cTpamaeT MaTeMaTuuecKHMU mpobeulamu **’ Hye usaralwoTrcd OCHOBHbIe MO- 
MeHTHI CTPOrO TIpoBeMeHHOTO pelleHuaA Mmpodsempl BuKka (KOHYAA BbIBOOM 
acHMUTOTHYeCKOK (bopMyybI). Kak u B paGotax ('~6), HwcxOAHbIM MYHKTOM AB- 
JIseTCA mMpeo6pasopanvue Pyppe — Jlanmaca ocHOBHOro ypaBHeHHsA (1). 3aro 
pu ucceqoOBaHHu MpeoOpasoBaHHOro ypaBHeHHA yaeTcA U36eKAaTb MPHMeHe- 
HUA MeTOLa WeWHbIX Tpobeli, ucMOb30BaHHOTO B padotax ('~°). Kpome Toro, 
3aaua OOObMlaeTCA B CJIEMYIOUINX HAalpaBJICHHAX: B paCCMOTPeHHe BKJIIOUAIOTCA 


HEHSOTPOMHbIe HCTOUHUKH; OTbICKHBaAeTCA ACHMIITOTHKa IJIOTHOCTH coylapeHHi 
1 


0(Z, u, uw) B WeOM, a He TOJIbKO ee MOMeHTa 4% (2, WU) = 2n [H(Z, u, w)dp. 
ll 

Ilycrb WCTOUHYKH HeHYJIeBOl MOLIHOCTH MMeIOT IWIOCKO-napaJJeubHYyt0 

CTpyKTypy H CocpefoTOueHbI B CJl0e, OPTOFOHaJIbHOM K JeKapToBOH ocu OZ, 


u — KCCHHYC yrvla MexKy HanpaBuieHnem 92 cKopocTu HelTpoHa u Oz, u — se- 
Taprua wuelitpona. Byfem cunTaTb, TO (pa3s0Bai IVJIOTHOCTb HCTOYHHKOB 
S=S(z, u, w) yAoBleTBopseT culexyrouluM orpaHwyeHuam: 1) S(z, u, vu) =0, 
ecm |z|/>2,>>0 umm uSu,>0; 2) 0<S&Z, 4, Oe 


z€(—00, 00), w>0, wE[—I1, 1]; 3) nomam vapuauun V S(z, uu) < 
u=6 
< St = const << 00, z€(— 0, ov), wE[—1,]]. 
Tlonnpii cpequuii cBoOoxHbIH mpoOer MpHMeM 3a CJMHHILY, BepOsTHOCTb 
paccesHH B OJHOM CoyjlapeHHu o6osHayHM yepes h,h >O0. (2, U, ») yRoB- 
JIETBOpAeT yPaBHeHHIO 


co 


 (z, u, p) = hAY (z, u,v) +\ eS (z—pp, u, w) dp; (1) 


0 


* TIpHHUMMHabHO HHYerO He H3MeHHTCA, CCJIH BKJIOYHTb B paCCMOTpeHHe aHH3OTpoMHIO 
pacceadHuA, He 3aBUCAULyO OT SHeprvu HeHTpOHa. 
** Bux (4) moquepKHBaeT HeOOXOJMMOCTh MaTeMaTHYeCKH CTpororo paccmoTpenua. 
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AF (@, wy) =\ erdp | F@—pu, u—0 (02/), 09x 


“ Qo/>f(u) 
SC pny ee (2) 


(Qa + m2 — 1)? * 


RS eer C= i— ls) C= eee 
Koj eS e—ul2 ee npu u €[0,q); f(u)=—1 mpu udg. 


Kak moxka3aHo B (7), B JOCTaTOUHO WMpOKOM Kviacce (PyHKUMH ypaBHeHue 
(1) o6uaqaeT e2HHCTBEHHBIM pelleHvem (2, U, w), MPHYeM BCIOLY 


(2, u, uw) <Lexp(—x]2|-+ (p,— 1) u). © (3) 


Smecb x €[0,1); py > Po (*); Po (*) — MelicTBHTeJIbHEIH KOPeHb ypaBHeHHs 
ah (1 —x) +4 (py («)) + (1 — exp (— gpy («))) = 1; L—aoctatouno 6ombian mo- 
crosHHad. [lonox*xuM 


1 (2, u, w) = O(z, u, w) —(AA+1) \ eS (2— pp, u, p) do; (4} 


rc 
* 


e—Mhy (2, u, 2) du; 


Ok, 4, 2) = \ ere de a 


em, Si(zpugundas 


cn 29 S019 O20 


O(kiN hn) SS \ er de 


Torga u3 (1) nosyuaetca ypaBHeHne 
=hG (n) © (k, 4, 2) + AG (n)(1 — uy 2 AG (9)  (R, 0, w) (1 — hu), (6) 
1 


G (0) F (un) = {galt w) FW) dps 


coal 


In (p, Bp’) = cay ( Uy + (ve + M2 — 1)? speak we Pe 

on ’ Tw 6 M +14 (ue + M2 — 4)'le ’ ecJIH > 
’ 4 

Sn (te, 2) = = \ pot do, senileyt ae 


Por 0 
Ho = ee +V1l—wWV1— pcos; 

o(k, 4, ») —wenaa pyuKuusa (k, 4); © (k, 4, ») ananuTnuno no (k, y) w yqoB- 
JleTBOpAeT ypaBHenHHio (6) mpu (k, 4) €Q = {(R’, 7’) | |Rek’|< 1, Rea’ 
=> Po{|Rek’|)— 1}. Ypapnenue (6) mossonser ocyuyecTBuTs avamuTuueckoe 
mpowouKenne © (k, y, ~) Ha Oowlee WMpoKyio OGuacTD. 

Tycth E = {k| |Imk|>>0 ua Imk=0, nwo |Rek| <1}, H —xzca xKom- 
MeKCHad Y-MOCKOCTb, ecmw M>1; H = {y|Rey>—1}, econ M=1. 
Bseqem onepatop G(k, 4) no mpaBumy 


G (k, 9) F(u) = (1 — Au) 8G (n) (1 — Ru) F (p), 


u nyctb E — ToxjectBexHblii onepatop, a Lp, — MpocrpancTBo kom- 
MJI€KCHOSHAYHBIX (PyHKUMH TepeMeHHOM yu, CyMMMpyeMBIx Cc p-H cTemeubro 
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Moya Ha = [— 1,1]. @uxcupyem (kj, m)€EX.H ak, uro. omepatop 
E—hAG (ky, %) O6patum B mpocrpancrBe (Lp—> Lp) sunelinpix orpaHHueHHbIX 
onepaTopos, nNepeponsujux Ly B Ly, ANA HeKoToporo p> 1 (ecan M=1; 
TO NycTb Takxe p> 1/,(1 + Rey) 74). Torga mowHo noKa3atTb, yro (6) OHO" 
3HauHO paspelMMO B HEKOTOPOH OKpecTHOcTH (k;, 71), MpHYeM B 2TOL OKPeCT- 
HocTu ® (k, y, w) OrpaHHyeHO JIA BCeX 3HaueHH CBOUX apryMeHTOB, aHaJIli- 
THYHO N10 (k, 4) MH HeMpepbiBHo no wE[—1,1]. Tem campim © (&, 7, w) ana- 
JIMTHYECKK NpoouKaeTca Ha OONacTb Qi, Nouyuaroulyioca mpHcoeqnHeHHeM K 
—Q Bcex (Rk, 4), B KoToppix E—AG(k,y) o6parum. | 

) J(u BbIHCHeHHA XapakTepa ocoOeHHocTeli ® (k, y, u) usyyaerca B Mpo- 
_eTpancTBe Ly, OfHOpoyHoe ypaBHeHue 


‘MAR, 4) Pryn(e) = AG (k, 4) Br,» (Y) | (7) 


CHavala (It felictBuTembHbIxX Rk u 74, (Rk, 7) GE x H. Vicnomp3ya Teopulo 
KOHYCOB B WpocTpaHcTpax Banaxa mu Teopuio Bo3smylleHHit orpaHHueHHblx 
omepaTOpoOB MOKHO YCTaHOBHTb CYIeCTBOBaHHe TOYHO OHO HeOTpuaTeb- 
HOM PyHkKuWH ®;,,(u), yAOBJeTBOpsIOMleH ypaBHeHuto (7). [Ipu stom M (k, x) 
OKa@3bIBaeTCA MPOCTbIM MOJIOXKUTEJIbHBIM COOCTBCHHBIM 3HayeHHeM, a ©; (u) — 
BCIONY MOJOXKHTeIbHOK HeNpepbIBHOH byHKuMeh wp. M (k’, 7%’) uw Oy» (v) 
pa3jlaralioTrcd B HeKOTOPOH OKpecTHOcTH TouKH (k, 4) B aOCOMIOTHO MW paB- 
HOMEPHO CXOAlMecH pxbI 10 creneHsaM (k’ —k) u(y’ — y) c Koaddunnentamn, 
HeNpepbIBHO 3aBHCALMMH OT p.. Bo Bcex TouKaX STOH OKPeCTHOCTH yOBJIeTBO- 
pserca ypapHenue (7). Msyuaa M (k, 7), MooxKHO MOKa3aTb, YTO IPH Y> Y = 
= p,(0)—1 cymectByeT TOUHO ofHO pelleHue k=k(7y)€[0,1) ypaBHenns 
M(k,) = 1, mpuyem k(y) oKasplBaetcs perysapHow PyHKIMeH jn MPH y >> Hp. 
Tipw 4 > (4) > 9, A" (q) <0. 

Tenepb MOXKHO BbIACHHTb CTpyKTypy Q,. JJoBombHO rpomMo3yKHe paccyxK- 
CHHA MIpHBOAAT, B YaCTHOCTH, K cCweqylolluM 3aKkoueHHAM. IlycTb yY4,9 
p> 2 — (buKcupoBaHHble Ya, Y2 > Y1 > Ny (9D > Ve(1 +) 1, ecm M=1), 
u S = {y|Rey€ [y, y2]}. CynuectByer 3, >>0 Takoe, uTo k (7) aHamHTH4HO Ha 
Xi = {4/71 €2, |Imy|<o,}. Kaxkgoh trouxe 1€%X craputca B cooTBeTCTBHe 
KOHTyp &;(Rey) CE (j=l upu yeX,,j=—=2 npn »yeEX\%j), cummer- 
PHUHbIN OTHOCHTeJIbHO JCHCTBHTe@JIbHOH OCH HM COCTOAUMH M3 Tpex NpxAMOVJIM- 
HeHHbIX 3BeHbeB C BeplliwHaMH B ToUKax k(Rey) +¢2,+tis. Boom &; (Rey) 
Imk mensetca MOHOTOHHO. Kpaliqumu 3BeHbaAMUN ;(Re%) SABJIAIOTCA syUH, 
BbIXOJAULMe W3 BepWIHH H MOAXOAAWLMM OOpa3s0M HaKJIOHeHHbIe B CTOPOHY 
pospactanua Rek (e,, HS — (UKCHPOBaHHbIe MOJOXKUTebHbIe 4MCJAa). 
[Ipu dukcupopannpx y€4 u wE[—1,1] O(k, y, w) anamuTuuno no Fk B 3am- 
KHYTOH oOslacTH c rpaHuuamu Rek =O un &;(Re%y) Bciloxy, 3a UcKMOYeHHeM 
Touku k=k (x), Nexallei BHYTpH 2TOM OOmacTH pH / = |. V3 1) —3) u (6) 
MOXKHO BbIBECTH, UTO IpH YEL, wE[—1,l] un 224 >% 


\ ek? @ (k, 7, ») dk | Kee ey 
Lf (Re n) : 


ee Cs) 


1+ |Imy| ° (8) 


| 4 
ri 


3necpb K>>O w ue s3apucuT OT Z, y HM BY; prE(2, pl, vu, ecm M=1, 
Pi Clack No > — 1; 


155): 
Rial ie t 1/p 
trot) =| \ \ ga(es¥) [du : (9) 
—1-1 
@MyHKUMA Xp, p,(q) KOHeYHA HM HelpepbIBHa IIpH Rey > %. Cyllectsyer 
KoHcTaHTa D>>O Takax, YTO IPH Y= No 


\ Xp, p, (‘ta + if) a <iD. (10) 
JlokasaTebcTBo 3TOM OWeHKM OMMpaeTcA Ha TeopemMy TuTumapiia o mpeo6- 

pasopanuax @yppe B Ksaccax L, c r€(1,2]. 
64 


TIpu oOpamenuu mpeoOpasopanua Dypbe, BxOMAero B (5), paccmat- 
puBaeTcad WHTerpad 
4 e 
Sar \ 
Re k=0 
Wa Z>>2,, 4€L. HerpyqHo ycTaHOBHTb MNPHMCHHMOCTb JI@MMBI )Kopjaua, 
Tak uTO HHTerpHpopanve B (11) Moxer ObITb cBeeHO K HHTerpHPpOBaHHtO M0 
£; (Rey) c yueTom coorBercTByloulero BblueTa mp k =k(%) (ecm 1 © X,). 
ror BblueT BbIpaxKaercA Yepes oy (u)=(1—k(q)v)—2 Onn, n (MH) (Cp. (7))- 
Jina ero oTpicKanna ©(k, 4, w) pagaraetca B px JlopaHa no cTeneHaM 
k—k (v1), YTO MOXKHO CyeaTb c MoMoubIO (6). TlouyueHHoe BbIpaxkeHHe VIA 
wuterpasia (11) noycrapasercs B OOpaujeHHe wuTerpasia Jlanmaca us (5): 


peste (Vi—k(y) eon (k(n), 1 v)s $y (B)) 
(9% (4); 4) 
X On (u) e—zk(n)-+nu dn, ae po ea u, LL). (12) 


Specs yE [ya Yo] 91 (Rs 1 B) = 2G? (k, 7) (1 — Ru)"#9 (R, 4s ¥)s (a, 6) —CKa- 
JIAPHOe MpovsBeyeHHe BeKTOpOB 4G, D € Lo; 


K = 2(h( eh ipa 
Ppa) ig = Ce \ 1-41) 


K, = const < oo (cp. (10)); e, = min {e;, 9} > 0. 
JlonycTuM, 4uTO Z HW U MOJOXHTeJIbHbI, a CeAOBAA TOUKA Y), OLHOSHAYHO 
ompemediemMad CooTHOWeHHeM k’ (y)) = u/z, cosepxkutTca B [Y; Y2]. Tlonoxum 
B (12) y=‘. H BbIAe@IHM H3 HHTerpadia TlaBHy}O YacTb MeTOJOM MepeBaiia, 
BbIUHCIAA Ne€pBbIe DBa WIeHa ACMMMTOTHYeECKOIO pAa HW H3BECTHBIM cmoco6oM 
(°) OWe@HHBad OCTaTOK paBHOMe€pHO OTHOCHTeJIbHO wW/ZE[X, Xe], 2> 2, 
wu €[— 1,1] (4, =’ (yo), %g = R' (y1)). Tem cambim BbIqeaeTcs rlabHbl Wie 
b, (Z, u, w), KOTOpbI (cp. (4)) copmagaeT c acCHMMTOTHKOH (2, u, uw). AHasm- 
3UpyA COBOKYNHOCTb (basOBbIX TOUeK (2, U, U), WIA KOTOPbIX CMpaBe]JIMBbI 
(12) u (13), MoxkHO BBIZeIMTb (as0BOe MHO*KecTBO WM Mepbl HYJIb Tak, UTO 
OKa3bIBaeTCA CMpPaBeAVJIMBbIM CJIEAYIOUHH OKOHUATEJIbHBIM pe3syJIbTAT: 
ITycmb 3a0aHbl NPOUSZBOAbNDLE NOAOWCUMECAbHbLE LUCNAXy, Xq U 24, X2>Xq, 
2, >>Z). Hatidemca KoHedNaA noAOHCUMeNbHAA NocmosAHHAA A MAKAA, uIMO OAR 6CEX 
MOUeK (Z, U, 2), YOORBNEMBOPAIOUIUX YCAOBUAM Z > 2%, U/zZE[xy, Xe], »E[—1,1], 
(2, U, RB) EM, eepnot coomnowenua 
(o (k (Yo)» Yoo ), 9 ()) —zk Sern es Uu, 2) 
Yo (u) e (Yo)-+2Y¥o (1 eee) 


(2nz|&" (¥o)|)#(u, @2, (4) ™ 
JF a WI<Ar ko) ==. 


IIpunomy rayOoxyto OularofapHoctb pod. E. C. KysHemosy 3a nocro- 
SHHY!O NOMepxKy H OOcyxeHHe 9TOH padoTHl. 


e-he @ (b, 4, w) dk (11) 


fi (2, U, B) = a 


Ria id, 


dt K eve 2h) +62), (13) 


? 


p (2, u, v) ae 


OtjeneHne Mpukmaqnoli MaTeMaTHKH Tloctynuso 
Matematuyeckoro uHcTuTyTa uM. B. A. CrekoBpa 9 I 1958 
Axallemuw Hayk CCCP 
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Jornaagnn AKkanemun Hayk CCCP 
1958. Tom 120, N 4 


PHSHKA 


YU. H. MHHHH 
K TEOPHH AHOOY3HN W3JIYYEHHSA B NOJIYBECKOHEYHOH CPEJIE 
(IIpedcmaeneno axademukom B. A. Am6apyuymanom 6 II 1958) 


B. B. Co6onesbim noKasaHo (1), ¥TO pewieHve smo6ol 3aqauH o CcBeueHHU 
MJIOCKOrO CJIOA G€CKOHEYHO OOVJIbIOM ONTHYeCKOH TOJINHHEI co ccbepHyeckoli 
VHJMKaTpHCOH pacceAHHA NIpH HaJIMYMH HCTOUHHKOB H3JIyYeHHA, MOL[HOCTb KO- 
TOPbIX 3aBHCHT JIMIUb OT ONTHYeCKOH YJIyOHHbI t, CBOJMTCA K HaXOXKJeHHIO 
dyHkunH © (ct), onpeqemeHHo ypaBHeHHem 


(0) =K() +) Ke—2) Oa, (1) 
rye ° 
K(e) = le 9m) B; (2) 


A}— OTHOIWeHHe KoappvuneHTa paccesHHA K KoOaPPHUHeEHTY OcaOTeHHA; 
o (4) — byHkuuA, BBezeHHaad B. A. AmOapuymaHom (*) uw onpeyenseman ypaB- 
HeHHeM 


iL 
o(n) = 1+ 1p (n)\ 28a. (3) 
0 


B yaHHow 3amMeTKe HalijeHbI TOUHbIe aHaJIMTMYeCKHe pellleHHA ypaBHeHua (1) 


HM MOJIYeHbI HEKOTOpble CJleCTBHA W3 HX. 
IIpumMenus K ypapHenuro (1) ofHocTopoHHee mpeoOpasosanue Jlansaca, m0- 


Jty4HM 


7 K (p) 
O(p) = —=>—_ ; 4) 
(?) 4 — K (p) ( 
rye ‘ 
= *s — x 
D(p)=) @ Gerd, K(p) =) FO an. (5) 
0 0 
Vicnoap3ya usBectHyi0 (popmyJly oOpamenua MesimHa — Pumana 
Hl c-Ltoo a 
D(t) => \ ® (p) e* dp (6) 
c—too 


M MpOBOAA HHTerpHpoBaHve M0 MHMMOM ocH (c= 0), Halijem 


® (ct) = —\ [A (x) cos tx + B(x) sin tx] dx, (7) 
0 
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rye 


ae 1 

~A(  e(n) rye ng (a) 

a(x) =—\ qari b(x) = | T+ 1x2 dn. 
i) 


OrmetuM, 4TO a(x) u D(x) CBxA3aHbI COOTHOLIGHHEM 


x90? (x) + a? (x) — 2a (x) + 1A B* = 0. 


OHako ucnoub30BaHHe dopmybI (7) Wa BbIUMCeHHH peAcTaBaer He 
yo00cTBa. os 

MoxHO yka3aTb [pyro nyTb novwyyenua oOpamenua O(p). feo B TOM, 
uTo © (p) umMeeT B TOUKe p= —k nomoc MepBoro MopsayKa, MpHyeM BeVI- 
unHa k cpa3saHa. c Ah ypaBHeHHeM 


Kpome Toro, TouKa p= — 1 saBiaetca ToUKOH BeTBIeHHA Juan O(p). Yuurei- 
Bas HaMuMe TaKHX OCOObIX TOYeK HM UMCMOb3yA MeTO KOHTYpHOrO MHTerpH- 
poBaHua, nowyuum 


—ht ay —tx 
Di(ft ie= I 2 ia RN Re RE . (8) 
ee oe i amt+(2rtalg2p) e(=) 
0 


IIpu 4 = 1 w3 (8) Haxoqum 


O(c) =V342 i = = ; (9) 
1 mt (2x +g 27] o (=) 


Kak mokasaHo 8 (1), pellieHHe HeKOTOpbIX 3ajau CBOLUTCH K ONpeemeHutO 
PYHKIUNH 


c—— 3 


7 m2 + (2x4 2g =~) e (=) ( ) 


a mpH }=1 umeem 


imtletietsr) eS) 
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OrmeTuM cooTHolenne 


aL 
1 oe k (1 r \ OY, 
; a ey SIS a) 
a \ @(n) —a ee se 
0 


(f— kn? 21 


KOTOPOE MOXKeT QKazaTbCA MosMe3HbIM NpH MpOvsBoycTBe BbUnCIeHA m0 (op- 
Myviam (8) u (10). 

Hs popmynr (8) caenyer, uro mpu +> 1 MoxHO mpeneOpeup WMHTerpasJIbHbIM 
JIGHOM H, 3HaYHT, BHEHHTerpaJIbHbIM WIeH ABJIAeTCA TOUHBIM aCHMMTOTHUe- 
KHM guna erueMana (t) npn Oombumx +. Jina Y(t) us (10) npu 71 Haxogum 


BHaveHHe 77. 


Ecam B cpefe mpoucxogquT yucToe paccesHue uayyenua (A = 1) uw ucrou- 
HUKH M3JIYYeHHA PacHo/O*eubl Ha GecKOHeuHO GOombIUOl ryOHHe, TO pelieHne 
va OObIYHO IpescTaBseTcA Yepes tbyHKuMIO g (tT), KOTOpan, Kak HaligeHo 
. B. Co6oneppm (1), caa3ana c ¥(t) cooTHoIeHHem 


RyOHaSe, 


q (7) =e Ve v. (12) 
Vcnonmp3ya (11) u (12), aaa g (t) umeem 
1 C 1—e** dx 
=a] 142| : if (13) 
V3 x —1\? 4 
im? + (2+ Ig 5) (=) 


@MyuKkuna g (t) B dopme (13) Apyrum nyrem Opita MomyyeHa Mapxom (?). 
\3mecb Mpr Hau (13) u3 o6usero pemieHua (10), nomaraa B Hem A = | 


VAG wee 4 


OntTuyecKkKaa PHyounHa Tt 


0,00 | 0,04 | 0,02 | 0,03 | 0,05 | 0,10 | 0,20 | 0,30 | 0,40 | 0,60 0 1 a 2, 20) 0 fos) 

\ 
®@ (7) co | 2,89 | 2,77 | 2,66 | 2,49 | 2,24 | 2,02 | 1,93 | 1,87 | 4,82 |4,79 |4,77 |4,75 |1,74 1,73 1,73 |1,73 
(ct) | 4,00 | 1,04 | 1,06 | 1,09 | 1,14 | 1,26 | 1,47 | 1,67 | 1,86 | 2,28 2,59 |2,94 13,82 |4,69 |5,56 |6,43 | oo 
q(t) | 0,577] 0,588] 0,595] 0,601] 0,644] 0,628] 0,650] 0,663] 0,673] 0,686/0,694]0,698]0,705|0,708]0,709|0,710|0,740 


B s3aKsoyuenHe upuBoqum tTa61. | dyHKynh M(t), V(r) uw g(t) Ana A=], 
'BLIUMCJICHHBIX 0 dopmysam (9), (11) u (18). 


Ilocrynuso 
I UC Te yays} 


UMTHPOBAHHAS JIMUTEPATYPA 


i) 1B. B. Co6oaes, DAH, 116, M1 (1957). 2B. A. AmOapuyman, JAH, 


138, Ne 8 (1943). °C. Mark, Phys. Rev., 72, M 7 (1947). 
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LHZSHKA 


10. WH. OCTPOBCKMM, H. M. MEHKHH u JI. H. WABAHOBA 


ABCOJIKOTHbIE 3HAUEHUSA CHJI OCILMJIJIATOPOB PESOHAHCHDbIX 
JIMHHM Mel, Cal, Sri u Bal 


(Ilpedcmaezeno axademuxom A. H. Tepexnunoim 6 IT 1958) 


Vismepenve aOcou0THbIX 3HaveHHH CHI OCIMWIATOpOB (YuCem j) CylecTBy- 
}OULMMH ONTHYCCKHMH MeTOaMH OObIUHO CBA3AHO C HEOOXOMMOCTbIO OMperede- 
HHA KOHIeCHTpalu W3lyYalOUMX HIM NOTMOWAaloOuHX aTOMOB. B Tex cayyasx, 
Kora uccseqyemblii cToG MapoB co3faeTCA B CTeKJIAHHOM WIM KBapleBOH KIO- 
BeTe (Me€TOJbI MOMVIOWeHHA WH KpIOKOB PoxkecTBeHcKOrO), KOHIeHTpalluA 
NOrOWLaOULMX ATOMOB BHIUHCIAeTCA MO CPOpMysaM, TarollHM 3aBHCHMOCTb JaB- 
JICHHA HaCbIIeCHHbIX MapoB OT Temnepatypbl. IIpu sToM MpeMosaraeTca, 4TO 
lapbl HaXOAATCA B TePMOAHHAMHYeCKOM PaBHOBeCHH C KOHJeHcaTOM. Takoe 
IIpeAnoso*KeHhe CipaBeAIMBO, eCJIM HET aKTHBHOTO XHMHYeCKOFO B3aHMOJeH- 
CTBHA MapoB CO CTeHKaMH KioBeTHI. Jt MHOFHX JIEMCHTOB, HallpHMep JIA We- 
JIOUHBIX 3eMeJIb, ITO MpeAMooxweHve HE BbINMOJIHACTCA; JIA HHX He yylaeTcs 
CO3aTb cTOO MapoB cTporo oMmpesemteHHOH JVIMHbI H TemMepaTypbl c H3- 
BeCTHOH KOHUeHTpalveH MoriowlawuwHx aTomMoB. B TakKux cayuaAX MeTOJbI 
KPIOKOB H NMOTOWLEHHA B OOBIMHOK UX C(OPMe OKA3bIBaIOTCA HENPHMCHHMbIMH Js 
onmpeyeeHHA aOcoJHOTHBIX 4UnCe f CMeKTpabHbIX JJMHHH 9THX 3JICMeCHTOB. 

B ycTaHoBKe, CJlyKallleH IX H3MepeHHA aOCOJIOTHEIX CHJI OCIHIJIATOPOB 
Me€TOJIOM KPIOKOB (HJIM MOTJIOMLeHHA), He YaeTCA NOYYHTb cTONO NapoB pH 
TemniepatTypax, Oombuux, vem 1200°, uro cuIbHO OrPaHHYUBaeT YHCO 9JIeMeH- 
TOB, KOTOPbI€ MOFyT ObITb HCCIeOBaHbl STHM HajlexKHbIM MeTOJOM. 

Cneqyer Takx%Ke yKa3aTb, UTO Malad TOUHOCTh ypaBHeHHH yMpyrocru uacTo 
ABJIACTCA TIaBHbIM HCTOUHHKOM OWHOOK, BO3HHKAaIOULUX Mp H3MepeHHU aG6co- 
JUOTHBIX 3HAYCHHH CHI OCILHMJIJIATOPOB. 

YroOp u30aBHTbcA OT MepeYHCeCHHBIX TPYAHOCTeM, MbI IPHMeHHJIM HOBBIt 
cnocoO onpefeseHHA aOCOJIOTHBIX 3HAYeHHH CHI OCIIMJIJIATOPOB, OCHOBaHHbI Ha 
OJHOBPeMCHHOM H3MepeHHH NOMHOrO MOTMOWeHHA H Wucnepcuu. B npeqarae- 
MOM cllocoOe OTMajaeT HeOOXOAMMOCTb B CO3aHHM cTONOa MapoB c H3BeCTHOH 
M MOCTOAHHOH KOHIWeHTpalluelt MOrOWaOulHX ATOMOB. 

Kak M3BeCTHO, MeTO KPIOKOB MO3BOUIAeT ONPetemATh npousBenenue N,f in, 
ecJIH H3MepeHO paccTosHHe A;, MexKLy BepIUHHaMH KPIOKOB. TeopHsA 3TOFO Me- 
Toya (1) mpHBogzHT k dopmyse 


Ni fix = ——_—— Nip, . 
é 


SyeCb € H Mm — 3apa M Macca SeKTpoHa; C — CKOpocTb cBeTa; h;,— LnMHa 
BOJIHbI JIMHUM MOTOWeHHA; d — AMHa cTon6a napos; K;,— nocTtosHHaaA Me- 
TOfa KPIOKOB, ONpeesAeMaA TOJMMHOH HM NOKasaTeseM MIpesJIOMeHHA MWwIOCKO- 
MapasebHOH N1aCTHHKU, BBOAUMO B UHTepdepomeTp Aa OOpasoBaHuA KpIO- 
KOB. 

C qpyroli cropoubl, U3BeCcTHO, ¥TO eCIM JaBeHHe Moromlaromero mapa Wn 
rasa HacTOuIbko Maso (10°?—10°4 mm pr. cr.), uTO XOMBTCMapKOBCKHM yiuupe- 
HH€M MOXKHO TpeHeOpeub, a k,d uMeeT BeMMYMHY, PaBHYIO HECKOAbKUM THICA- 
4aM, TO POpPMa JTHHHM NOPMOMeHuA OyeT ONPeNeMATHCA HCKIIOUNTeEMBHO ee Kpa- 
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2 
amu (7). B 9ToM culyyae SKBUBaJIeHTHASI IMpHHa JIMHHN Norsonujenun A, papna 
2 e Sa 
ie See f, 
Xr milec'le V Nil inyd - 
M3 oByx nocieqHux dopMya nomyuyum jus KOS*PpHUNeHTa 3aTyxaHHa 
eee ee al 
TK ip Ash Nip : 


CyleOBaTesIbHO, U3MepAa pH OFHUX M TeX Ke ycmopuax A, u Aj,p, MOx- 
(HO HaWTH BeJIMYHHY y, KOTOpad OlpefemseTcH BpeMeHEM X%KHU3HH BepxHerO 4 | 
HMKHErO YPOBHeH (tp, tz) HW KoOaddulNeHTOM 3aTYXaHHA BCJIECTBHeE CTOJIKHO- 


= 1 
BeHMM (Yer) Y= a ig Yor: 
k oy 
Jax pesOHaHCHBIX JIM MpHoTcyTcrBH vByYeHHA OoubUIOl maAOTHOCTH 


HW TYWamux coyqapeHni - =0; Yer= 0) BeJIMUHHa y PaBHa BePpOATHOCTH 
CMOHTaHHOrO Tlepexojia Ap;, KOTOpaa 
OJHO3HAUHO CBA32Ha C CHIOH OCUMIVIA- 
Topa fix. OuepugquHo, 4TO ,aHHbili Me- 
TOA MO3BOJIMT HE TOJIBKO HU3MEPpHTb Onementn | A, A eo ales f Teop 
yucsia f JIMHHM normomeHuaA O6ovIb- 
|| oro UYHCJIa JIEMeHTOB, B TOM uNCe 
|| u TpyHoucnapxembIX, HO jacT TaK- Mg 2852 


Daou 4 


| 15 2560;31 = =. aor 
|. 2Ke BOSMOXHOCTh OMNpeeNUTb BeJIN- Ca 4227 |1,30,2] 2,3 00) 11,458 (*) 
UMHY Sd(PeKTHBHBIX CeYeHHH aATOMOB Sr 4607 |41,54+0,2) — = 
[MH MOJIeKy Jat TyWwamux coysa- Ba 9039 |1,7+0,2] 1,804) | — 
| peHHit. 


J\ua MpoBepKH MeTOJa HaMH ObIIO U3MepeHO uNcnO f JHHHM 7p:), — 753), 
| (A= 4102A) InlI, Kotopoe OKa3anocb paBHEm™M 0,20, 4TO HaxoquTcA B xXoOpo- 
weM CoriacHH C pe3yJIbTaTaMH H3MepeHnit 

2 MeTOJOM KPIOKOB (?). 
CneqyeT yka3aTb, UTO MeTOR, aHaslorM4y- 
HbIM W3JIOXXCHHOMY, HO OCHOBaHHbIH Ha OHO- 
BP€MCHHOM H3MePeHHH MOPJONleHHA HM Mar- 


“sg HMTHOrO BpalleHHa, NpHMeHsvIcA MyHkoBcKuM 
{ (4), Ultornem (°) u Beltnreposnm (°). 
(ZA 20 58 36 YKa3aHHbIM CMOCO6OM MBI onpeesusin 
ees of Be aOCOJIOTHbIe +3HayeHHa Yuces f pesoHaHCHbIx 


Zs 


| smuwi (1p;— 14s) Mel, Cal, Srl u Bal. 
|Puc. 1. 3apucumocts uucen f peso- OntuuecKat 4YaCcTb 9KCIePHMeHTaJIbHOl yc- 
‘H@HCHBIX JIMHHH UleIOWHOSeMEIbHBIX  TaHOBKU, KOTOPOH MbI MOJIb3O0BaIMCb, aHaJlO- 

pay crap mero scres neve pay 7 rHuHa ONucaHHOH B pa6oTe (7). Cron6 uccate- 
yyemoro Mapa oOpasopbiBaJicA B OTKAaUMBae- 


| Moi QucdysHoHHBIM HacocoM kBapleBOH TpyOKe, BHYTPb KOTOPOH BCTAB/IAaCb 
*KelesHand TpyOa, mpesqoxpaHslomad KBapIl OT B3aMMOJeHCTBUA C MeTaJ- 
| IoM M ero Hapamu. BenwunHa MOMHOTO NOMMIOMWeHHA H3MePpAaCb MCTOJOM 
\potorpaduyeckolt doToMerpuu, Mp 9STOM MCMOMb30BaICA PerucTpupyroulan 
|muxpodotometp M®-4. 

PesybTaTbl HaluHxX H3MepeHHH M AaHHble APyTHX aBTOPOB IpHBeeHb! B 
Tao. 1. 

Tounoctb uucen f, MO yYeHHBIX CiOCOOOM OAJHOBPeMeHHOTO U3MepeHHUsA M0- 
rylOMeHUA M Mcnepcuu, HeBeHKAa, HO OHA MOXKET ObITh NOBbIeHa, CCIM NpH- 
| MeHHTb (oTOdTeKTpHYeCKHe MeTOMbI perHcTpalAu NOVNOPO NOTVIOMLCHHS. 
| Vimeetca HeckobKO pa6oT, B KOTOPEIX IIpHOJIMKeHHbIMH MeTOLaMM KBaHTO- 
BOH M€X@HHKU BHIUMCJICHbI CHJIbI OCIMIJIATOPOB PeSOHAHCHbIX JIMHHM Mg u Ca. 
'B ra62. 1 mpl NoMeCTHAM TOMbKO pesybTaT BHINHCJICHHH Tpeddtu, KoToppie, 
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¢ Halleli TOUKM 3peHHA, ABJIAIOTCA HanGoslee TOUHBIMH. M3 cpaBHeHuA IpHBeeH- 
HbIX B TAaG/IHUe JAHHBIX clenyeT: 1) 1a aToMa Ba Hall pe3ybTAaTbI XOPOLWIO COB- 
llafaroT c JaHHbimMu Beccema, MOJyYeHHbIMH MeTOJOM MOPOWleHHA B aTOMHOM 
nyuke; 2) ia pesoHancuol sMHuH Ca Hale uNCO f XOpomo cOBMayaeT C 4H- 
com [, BpraHcmneHHbIM Tpediru, H CHJIbHO OTMMUaeTCH OT U83MepeHHOro Crelin- 
xelizepoM. STO pacxoxKeHHe Mb CKJIOHHBI OTHECTH 3a C¥eT MOrpelHocTel pa- 
6otnr Crefinxelizepa, KOTOPaA BbIMOJIHeHa MaJIO TOUHBIM MeTOJOM H3MepeHHA 
TenoOApH3salluH pesoHaHcHoH (bilyopecWeHUMH B MarHHTHOM Move. 

Ha puc. | npencTaBjleHa 3aBMCHMOCTb U3MepeHHBIX HaMM “NCE f OT MOpAt- 
aun HoMepa 3uemeHta Z. BugHo, uTo uncaa f pacTyT JHHeMHO C BOspacTa- 
Huem Z. 


JleHunrpajickuH rocyapcTBeHHblIH YyHHBepCHTeT Tlocrymuso 
um. A. A. )KnaHosa 29 I 1958 


UHMTMPOBAHHAA JIMTEPATYPA 


BeHCK HH, PadoTbl NO aHOMaJbHOM AuCnhepCcHu B Mapax MeTaJJIOB, 
A. Yu30ub27, Ousuka 3Be3qHbIx aTmochep, rm. VIII, WJ, 1949. 


Visa. AH CCCP, 195] 
310. H. Octrposcxuid, H. WH. Ileu «uu, Ontuxa u cnextpockxonua, 4, Ne 6 (1958). 
as Minkowski, Zs. Phys., 36, 839 (1926). POW... “Sich tl iz, ZS-e iy Sema Dao) 


927), ®M. JI Betiurepos, KP®XO, 4. cus., 59, 314 (1928). 710. WH. Oer- 
opckuk, H. II. leu «uu, Ontuka uw cnextTpockxonua, 3, 193 (1957). ® E. Treffitz, 
Zs. Astr., 28, 67 (1950). 8 E. Tireitist Zz) Zoo Astin 29502871951) awe eA Onme iam 
haus er, Zs. Phys, 99) 300) (1986). 2) G, Wessel, 62s: SP hyseee26 e440) 
(1949); 130, 100 (1951). 
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PHSHKA 


—_w 


B. B, COBOJIEB 


ANPPY3NH USJIYYEHWS B NJIOCKOM CJIOE 
(ITpedcmasaeno axademuxom B. A. AmOapyymanom 6 IT 1958) 


B 3amerKe aptopa (*) paccMaTpuBasiacb Aubby3ua u3syyenua B MosyOecko- 
HeuHou cpefe. JA STOO UCHOMb3OBaJICA peMIOMKeHHbI ABTOPOM pauHee (°, ®) 
BePOATHOCTHbIM MeToy. B HacToauleH 3aMeTKe TeM 2Ke METOJIOM PacCMaTPHBAeTCA 
Wudpy3uA U3syYeHHA B MWIOCKOM ClO€ KOHeEYHOM ONTHYeCKOH TOJIIMHbI T;. 

1. Byjem cuntaTb, 4TO B 3JIEMeHTaPpHOM OGObeMe CpeAbI MPOHCXOAUT U30- 
TpomHoe paccexstHHe H3JIYYeHHA C BEPOATHOCTHIO BbIKHBaHHA KBaHTa i. Pacuer 
NOA U31yYeHHA B Cpee CBOANTCA K ONpeyereHuio PyHKuHH B (ct, t)) H3 ypaB- 


HeHUA 


dv’ + g(t), (1) 


re dyHKuua g(t) XapakTepH3yeT pacrosox%KeHHe HCTOUHMKOB H3u1yueHHA 
Pemenue ypaBHenua (1) Moxer ObITh 3anHcaHO B BHJe 


rye T(t’, t, t) — pesoubBeuTa. 

Bennunna (t’, 7, 7) dt'dt npeycraBiaer coOoH BepoOATHOCTh Toro, 4TO 
KBaHT, H3J1YYeHHbI MeXxKLY ONTHYeCKMMH TwilyOnHaMH 7’ ut’ dt’, Oyer us3- 
WyueH 3aTem (mocie Auppy3uu B cpese) MerKAy ONTHUeCKHMH TwIyOMHaMH 7 H 
++ dt. Yunrpipad yKa3aHHbIM BePOATHOCTHBIM CMbICJ Pe3OJIbBeHTbI HM MOb3y- 
ACb MeTOJIOM CJIO2XKeHHA COeB, MpeqioxwKeHHEIM B. A. AMOapityMsHom (*), Mo- 
| 2KHO TOJIYYHTb CPpaBHUTeIbHO MpocToe ypaBHeHHe AIA oMmpeleeHHA pesoub- 


| BEHTHI. 
Tlo6aBuM c0 Malo onTuyeckoH TOMHHEI At K BepxHeH rpanulle cpeypl 


(«= 0). OuesnaHo, 4TO 
ip test a. Ac, v a NG, Tv} —+ At) caulk (, Tv, 7) =f iP (Ge 0, 7) A (0, Tv, To) 
OTKy Ja 


Oley Ole OV ie moana yee 
get Se tae = PO) Ow), 3) 


rye BBeqeHO OOo03HayeHHe 
U (Opt; 20) O16 io) (4) 
To6anaaa cnol Mao ontuyeckoH TOuMMHbI At K HWKHEH rpaHule cpeypt 
(t= %), NOWyyaem 


T' (0’, 0, % + At) =P (c', 2, %) 4D (ty —+’, 0, t) AcI'(0,t)—*,%), (5) 

oTKy a 
oor G) ca) (t) —T, Ty). (6) 
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=— = Dt 


Us (3) u (6) caenyer 
M+ EO (e', %) ® (4, %0) — BH — 2, ) ® (t)— 7 %)- (7) 

Ypapnenne (7) faet (mp %’ > 7): 
DT (0', 2, %) = ® (0’ —2,%) + 


7, 


+ (1@ +2 55) O(%, 4) — Oy — 2 +5 %9) ®(% — 4, II Ax. (8) 


0 


Takum o6pasom, byHkuna I(t’, 7, %)) OT ABYX MepeMeHHBIX 7’ HW 7% BbIPaxKaeT- 


ca uepes (pyHkuulo @ (t,t) OT OHO mepeMeHHOM (to — MapaMeTp). 


2. Hapsany c pesomppentoH I'(c’, 7, 7%), BBeEeM B paCCMOTpeHHe BepOsAT- — 
HOCTb BbIXOJa KBaHTa W3 cpebl. O6o3sHayuM yepes p(t, 4, t) dw BePOATHOCTh — 


Toro, YTO KBaHT, MOPIOULeHHbIM Ha ONTHYeCKOH ruiyOwHe 7, BbIN,eT U3 CpebI 
yepe3 ee BepXHIOIO rpaHHily NOM yrviom arccosy K HOpMaJIM BHYTPH TeecHOrO 
yrua dw. VUnTrexcuBHocTH U3/1yueHHA, BbIXOJMULerO H3 CpeNbl Yepes BePXHIOIO 
HM HYOKHIOIO TpaHullbl, OyAyT, COOTBETCTBeEHHO, PaBHbl 


| le m0) g (2) de, 
(9) 


Jlerko BuyetTb, 4TO 


A ms nN 7, , 7 
p(t, 1, %) = Teak ie eat (ty Sta eae Indx’ , (10) 


0 
1 
® (x, 5) = 2n | p(s, %0) Uh 
0 


ITpupeyeHHble COOTHOWCHHA JaIOT BO3MO2KHOCTb HOJIYYHTh ypaBHeHHA Js 
onpeyeseHHa p(t, 4, To). 


Ymuoxas (7) Ha e—*!", wHTerpupys no vt’ B mpegenax or 0 AO tH NOMb-| 


3yxcb (10) u (11), Haxoqum 


1 

0 1 : , dn! 

5 cae — = PAS Wy) Ae 2rp (0, wis 20) \ P(e T) 7 vis 
0 


1 


Lae 
— 2p (tos My to) \ P (Hy — 1's %0) Gr - (12) 


0 


Bxonauywe B (12) BenuunHEr p(0, 4, to) H p(to,%, Tt) MOFyT OBIT | 


MpeCTaBJIeHbI B Bue 


pO, %, 0) = =P (Mt) »  P(For My %) = Ze (M, 0), (13) 
rye 9(%,%) Hu >(y, t) —yHkunn AmOapttymaua (4). 
M3 cpapnenna (10) c (2) Mb BHouM, TO p(*,%,%) = B(s,t) mpu 
7 (C) pent, T. €. P(*, 4, %]) ONpefennetca ypaBHeHHem 


To 


P (5%) %0) = ge em" +\P (*', 70) i]s — +’ | dr’. (14) 
0 
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/ 


; 
| 
j 


Ypapnenna (12) u (14) qua onpenenenua p(t, y,%) Olu NOJLYYeHbI aB- 
TOpOM paHee (*) HeECKOJIbKO HHBbIM IyTeM. 
3. M3 ypapnenut (12) u (14) npn nomomu (11) Mpr Moxem nowtyunTS 
YpaBHeHHA AI OMpewenenua pyHkituu © (t,t). M3 (12) u (11) naxoqum 
O (t,t) = K (t, t%) + 
ae \ [® (2, to) K (t— 1%’, t) — © (t) — Vv, t) L(t — 7%’, %)] dv’, (15) 
0 
D (t,o) = L (ty —.2, €,) — 
W@W KE— 4) — OHV, a) Lee, wae, (16) 
6 
rae o603HayeHO 


1 
dn 


Xr 
L (t, %) = =\ b(y, tT) e7 7! Fl be Aelia) 


1 
oe, ah 
A(T; To =+\ © (7, %>) e-em <2 
0 


mH? 


= 


| M3 (14) u (11) nonyuaem 


dt’. (18) 


SaMeTuM, 4TO ypaBHeHne (18) BbITeKaeT TakxKe H3 HHTerpasbHOrO ypaBHeHHA 
JIA Pe3ObBeHTHI. 

TakuM OOpa30M, (PyHkuuA OD (t,t) MOxKeT ObITb ONpeszemeHa AByMA cmoO- 
co6amu: 1) u3 ypapuennit (15) u (16), ecm usBecTHE! cbyHKUMA 9 (74, %) H 
(4, %%); 2) 43 ypaBHenua (18). Hocne onpexenenua ® (ct, t)) PyHKUHK 9 (%, TH) 
u(y, %) MoryT ObITb HaliqeHbI M0 (bopMyslam 

o(y,%|) = 1+ \ ® (7, %)) e~ dz, 
0 (19) 


To 


DT tg) ee a \ D (t%) — T, to) e~ Md, 
j 


BbITeKalomluM 43 (10) u (13). 

4. V3 ckasaHHoro cyeqyetT, uTO cbyHKuuA (t,t) MOKHA HrpaTb BaxK- 
Hy!O pOJlb B Teopuu Auddpy3suu u3siyyeHnud. Suave sTOH CyHKUMH MaeT BO3- 
MOXKHOCTh OMpeseMHTh Nose W3JyYeHHA B MIOCKOM cjl0Oe MpH JIOObIX HCTOU- 
Hukax v3syyenun. Bo muorux cilyyaax B(t,%) BbIparmkaeTca uepe3s ® (ct, t) 
BecbMa mpocTo. [IpuBeqeM HeKOTOpble MpAMepbl. 

1) Ilyerb ucrouHHku u3iyyeHHA pacipeyeseHbl B Cpee paBHOMePHO,T. e€. 
g(t) =1. IIpn nomomu (2) u (7) HaxonuM 


B(x, t) = WY (Fo, 70) [' (*, to) + F (to —*,.t0) — F (70, To) I; (20) 


rye o603HayeHO 


W (2, %) = 1+ \ @ (2', t) de’. (21) 


0 


Tlomp3yacb (15), (17) u (19), Momyyaem 
5 1 
Y (to, To) = i ia 
se ay (%o — Bo) 


(22) 


rye % H By —HyJeBbIe MOMCHTHI (pyHKUMH ©(4, %) H P(%, To). 
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f 


2) Ilyerb cpefla ocBelleHa MapasvieJIbHbIMH JIyYaMH, NafaloulHMH Ha BepX- 
HIOIO TpaHully MO yrviom arccos€ K HOPMaJIM HM CO3JaIOWNMMH OCBeLLCHHOCTb 
NepneHIUKYJIApHOM K HUM MIoWakKH, paBHylo 7S. B faHHom cslyyae 


g(t) = Se“, (23) 


IIpu nomouyy (2) u (7) Haxo,uM 


B (2,6, %) =+-S fe (6 %) e-" + 


+ Jer 1,20) 9, %0) —B(o— ee) PC wd}, (24 


0 


rae dyHKuun 9 (6,7) uv v(6, 7%) ompegeteHbI (opmysamu (19). 

CuehyeT OTMeTHTb, YTO 3aqaya O AudPy3sHn w3TyYeHHA B MVJIOCKOM cCuJloe, 
OCBeLLCHHOM TapaJIeJIbHBIMM JIyYaMH, B pxye paOoT (B YacTHOCTH, reodusnye- 
CKHX) pelllasiacb 4MCuIeHHbIMH MeTogamu. IIpH 9tToM ypaBHeHHe (1), B KOTOpOM 
(pyHKuuA g(t) 3afaHa ctopmyviow (23), pemialocb OTeIbHO WIA Kaxk oro yrua 
nayeHun arccos¢. Mb BuyuM, 4TO ropa3qo Ooee MpocTOH NyTb pelleHHA 
3alauw COCTOHT B onpefesennun © (t,t) U3 ypaBHeHua (18) Hu NOocuJex,yroulem 
BbIUMCIeHHH B(t, 6, t%)) M0 opMyvie (24). 

3) Haliqem nouHy!0 BepOxATHOCTh BbIXOJa KBaHTa 3 cpefbl. OOosHayast 
yepes P (t,t) BePOATHOCTb TOTO, UYTO KBaHT, MOFJIOULeHHbId Ha ONTHYeCKON 
rulyOvHe t, BbINeT U3 CpeAbI yepe3 BePXHIOIO rpaHHlly BO BCeX HalpaBJIeHHAX, 
Mbl HMeeM 


P (20%) = 2k \ p(t, 4) dy. (25) 
0 
( 


Ilomb3yacb cooTHomeHHamH (12), (13) u (21), momyuaem 


Pico) = 1-0 = Fe) ¥ (6, to) > Bo |'P (toy eo) — F (eae 
B cayyae t = co cbopmysia (26) gaer 
P() = 1—= VG) Fae (97) 


Ilomyuennbie B 2TOH 3aMeTKe pesybTaTbI JerKO oO606mlaloTCA Ha CJly ual 
HEM30TPONHOrO paccesAHHA CBeTa B cpee. 


Tloctynuso 
1 11 1958 
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PHSHKA 


“Uuex-koppecnonzent AH CCCP IT. H. ®JIEPOB, C. M. MOJIMKAHOB, A. C. KAPAMSH, 
A. C. TIACKOK, Jl. M. MAP®AHOBHH, H. H. TAPAHTHH, B. A. KAPHAYXOB, 
B. A. APYHH, B. B. BOJIKOB, A. M. CEMUHHOBA, FO. Il. OTAHECAH, 
B. A. XAJIM3EB u TL. HW. XJIEBHHKOB 


OfIbITbl NO MOJTIYYEHKEO 102-ro 3JIEMEHTA 


B HacTosUeM COOGULEHMM OMMCHIBaIOTCA SKCIePHMeHTHI MO MOsYYeHHIO HO- 
BOrO 3JIEMeHTa C ATOMHBIM HOMepoM 102, KoTOpble MpoBoyqusmuch B Mucrutyte 
aTOoMHOH 2sHepruH AH CCCP ocenpiwo 1957 r. 

B nepBok nosopnHe 1957 r. B Ho6enesckom uucruTyTe B L]Beunu Obit mpo- 
BeJeCHbI OMbITbI 10 OOyuYeHuIO Cm*44 yoHamu yruiepoga C!® (4). Paquoxumuye- 
CKHM MeTOJIOM yaJIOCb BbIJeHTb HECKOJIbKO JECATKOB PaHOAKTHBHbIX ATOMOB, 
KOTOPble HCIIBITbIBAIH %-pacnal C NepHoyom nowypacnaya 10 muH. u ucnycKasH 
%-YacTHUbl Cc 9Heprvel 8,5 + 0,1 Map. Asroppr paOorTst chetamu mpeqnonoxe- 
|| HHe, YTO HMM MOyueH OMH M3 u30TOTIOB 102-ro aeMeHTa C MACCOBbIM UHCJIOM 
}251 umn 253. 

B HalliMX SKCNePHMeHTaX MIPOM3BOMOCh OGYYeHHe H3OTONOB MIyTOHHA 
Pu??? y Pu*4! ycKkopeHHbIMH HOHaMM KUcMOpona. IlaTu3apsaqHbIe HOHbI KHC- 
| Topofa, OOpasyroulwecA B CMelHaIbHOM HOHHOM HcTOUHHKe (?), YCKOpANUCh Ha 
150 cm WHksoTpoHe Zo aHepruu 102 Msp. HeogHopogquocTb my4uka Mo 3HeprHn 
He MpeBbliuasa 3%, TOK HOHOB cocTaBaT O,2—O,4 va. B 6ombuiMHcTBe 9KcTIe- 
| PHMEHTOB HCMOJIb3O0BaJIHCb HOHbI C M4KCMMAaJIbHOM 9HEprveu, Tak Kak H3 Tpe- 
| BAPHTeIbHbIX OMbITOB CueMOBalO, YTO CeyeHHe OOPasoBaHHA COCTaBHOrO AApa 
| IPH B3aMMojelicTBHH HOHOB O1% c MIyTOHHeM pacTeT BIWIOTh Jo 9Hepruu 102 


y 


|  Mumenu mpercrapianu co6oh cnon Pu??® wy Pu?4! rool, CoOoTBeTCTBeH- 
(Ho, 300 u 100 pr/cm?, HaHeceHHble 3IeKTPOJIMTHYeECKHM CIOCO6OM Ha TOHKHe 
| HuKesleBble (ombru (TommAHo 1,5 ».). BBuyy BbICOKOH paqwoakTMBHOCTH MW1y- 
| TOHUA CepbesHble TpeOoBaHUA MpeAbABIAHCb K yCTOHYMBOCTH cloeB. CneuH- 
| aIbHO paspa6oTaHHad MeTOAHKA QICKTPOH3a MO3BOHa MOJYYHTb cJIOK 
| IWIYTOHUA, BbIep2XxUBAIOWIHe WIUTeIbHY!O OoMOapAMpOBKY WHTeHCHBHbIM Iy4- 
| KOM MHOPO3apsAHbIX HOHOB. Kpome 9Toro, WIA MpesOTBpalileHuA OCbINAHHA 
| MeIbuaHiMxX KPYNHHOK MWIYTOHHA, Ha CJIOH pacmbwIeHHeM B BakyyMe HaHocn- 
| ach 3auluTHad MeqHad meHka TomuMHOH 50 pr/cm?. O61y4yeHHe MuWeHel 
| MpOH3BOAHOCb Ha BHYTpeHHeEM Tly4ke WHKJIOTPOHa. 
| CoraacHo 3aKoHOMepHocTsM «-pacnajla, Hs0TOMb! 102-ro 31eMeHTa JOJIKHbI 
(oOlalaTb MaJIbIM BPpeMeHeM 2KH3HH, MOSTOMY B OMbITaX OblJla IIPUMeHeHAa MeTO- 
\uKa, KOTOpad MO3BOsIAIa PePHCTPHPOBaTb %-pacal, MpPOMCXOAAIMMH B Teve- 
He HeECKOJIbKUX ceKyHy. Ha puc. 1 cxemaTH¥ecKH NOKa3aHO pacnoJloxKeHHe 
| MHIUeCHH WM perucTpupyroulero ycTpoucTBa. : 
IIpu crouIKHOBeHHH MOHA KuCOpOsa Cc 9HEprHven ~100 MsB c AQpOM MryTo- 
HMA COCTaBHOMY APy COoOuaeTCH HACTOJIbKO OOJIbINOH UMMYJIbC, YTO ero Mpo- 
Ger npeBpluiaer TOMMY COA WWIYTOHHA WH MeQHO! 3allMTHOM meHKH. [Ipober 
| TaKUX «Aep OTLayH» OMeHMBAaJICA Ha OCHOBAaHHU OMbITOB MO OlpeseseHHIo Mpo- 
| 6era MpodyKTos, OOpasyrouluxca mpH OomMOapAupoBKe 30J10TAa KUCIOPONOM. B 
‘Mela on coctapiaa 200—300 yr/cm?, B mtyTonun S00—600 wr/em’. Takum 
(06pa30M, Apa, BOSHHKalolMe MpH OOYYeHHH MWIyTOHUA MyYKOM 01%, cBo6oxHO 
BbIXONMIM U3 MHUWeHH, MonaaM Ha COOPHHK HM OCTaHaBJIMBaJIMCb B HEM Ha He- 
| 73 


| 


KOTOpO r1yOuHe. COopHuk NepHoAMyecKH TepeMellaica K TOJICTOCJIOHHOH bof 
TOMMACTHHKe, HAXOAMBIIEHCA Ha paccTOAHHU 2M OT MHIUIeCHH HM CJLyKHBIWUEH MMI 
perucTpalluu %-YacTH OT paqHOakTHBHOTO pacniafla OOpa3y!tOllHXxXcA H3OTONOB. 


Bpema BbIepxKKH COOPpHHKa OKOJIO MICH H Meper (poTOMacCTHHKOH MO2KHO 
6blIO H3MeCHATb B WHPOKUX Tpee- 


O%5 lax, BpeMs mepeMelleHHA COOPHHKa 
f cocTaBIasio 4—5 cek. i 
ae oS B 93THx OMbITax MpHMeHsAsaCcb (po- 
| “ Sea Tosmyibcua HMK®M-T,, o6nazato- 
SS =a 7 fe ulad XOPOIWeH AHCKPHMHHAalHeH Cie- 
f | JIOB IIpOTOHOB H &-YaCTHIL MH MaJIOW 
“-——_-z UYBCTBHT@JIbHOCTbIO K P- HW Y-H3Jy- 
K unmeepamopy moka YeHHIO. DHEPrHA OAHHOUHBIX &-4aC- 


THY ompeyeliAacb C TOUHOCTBIO 
Puc. 1. Cxema pacilojoxKeHMsa MULeHH H pete 0,3 Mos. 
cTpupyloulero yctpoiictBa. /— Ni-dousra 1,0 p; 


239 
2 — P24! 100 urjem®s 3—Cu 50 ur/em, 4— IIpu o61y4eHnu Pu*** BpeMs BBI- 
cOopHuk 24 Al; 5 — moronsacTuHka Wep2KKW COCTABJIAJIO 20 cek., aB 


onpirax c Pu?4t 20 cex. u 1 uac. 
J\uia KaxKQoro BpeMeHH BbIepxXKU OblIO Mpogetano 10—12 TpexuacoBbix o6- 
yuenui. Ha puc. 2 mpefcTaBeHbl SHepreTHuecKHe CN€KTPbI %-YacTHI, KOTO- 
pble HaGwll0JaIvcb pH paSHbIX BpeMeHaX BbiepxKu COopHuKa. IIpu mocrpoe- 
HAM CNeCKTPOB BBOMMACh NOMpaBka, YUTbIBalOWad NOTepH SHEP %-YacTH- 
WlaMU Ip BbIXOJe U3 COOpHuKa. ITa Ever 
nlompaBka, OMmpefeleHHad SKciepH- , ss 
MeHTAaJIbHO, COCTaBIANAa B CpeHeM 
200 k9B. Kak BHAHO U3 pucyHkKa, B 
‘CMIeKTpax, MOJIYYeHHbIX MpH OOsyue- 
Hun Pu?*® y Pu?4t c BpemMeHeM BBI- 
epxku 20 cek., HaOm0a1orca %-4ac- 
THUbI C SHepruel >8,5 Mas. B onpi- 
Tax, B KOTOPbIX BpeMA BbIepXKKH 
‘cocTaBIAJIO 1 “ac, Obla 3aperHcTpH- 
poBaHa BCero JIMUIb OHA «-"aCTHIa 
TaKOH 9HeEpruH. 

B cnekTpaX He yKa3aHbIl «-uac- 
THUbI, WMeloulwe mpoOerH MeHDbILEe 
35u (E,<7,0 Mss). Ux nossmenne 
‘OOYCIOBI€HO MpHcyTCTBHeM B MH- 
Ie€HH [wlaTHHbl, OCaKaBulelicA B 
mpowecce | 3Ie€KTpOH3a MJIYTOHHSA. 
IIlpu o61y4eHHu WwaTHHb! HOoHamMH O18 30 JD) 40 45 50 4 
‘oOpasyioTca wsoTonb! Rn, OnaKo tan 
OHH HE MpecTaBIAIOT ONACHOCTH, = pyc. 9. SuepreTuyeckHe CMeKTpbl G-waCTHHL, 
TaK KaK SHEPrHA %-YaCTHY OT pacna- — yenycKaempix TipH paciaqe MpOAyKTOB peak- 
Wa STHX H3OTONOB WH UX MNpOsyKTOB wun Purs?,24t + O16 . Konnyectso Pu89 
He lpesbiuaeT 6,5 Msp. Sto mpo- 200 vr/em®, Pu 100 ur/cm?. OOune noToKH 


yoHop Ol8 B yka3aHHbIX Tpex cayuaHx OBI 

Bepsi ae 

aati B KOHTPOJIbHBIX OIIbITAaX. OMMHaKOBbl H cocTaBlaIM 3,0 wa-yac. A — 
JIaCHO CHCTeCMATHKE &-aKTHB- Put4l + O16, Af = 20 cex.; B — Pu%4l + Olé 


HbIX ANep, O-Y4aCTHIbI c sHeprHeHi At = 1 yac; B— Pur + O18, At = 20 cex. 
Oombluie 8,5 Mop moryT ucmycKaTsca 
usoTonamu 102-ro sviementa: 102751, 102252, 102253. oOOpasy!oul\uMuCA B peak- 
unAX: Pu??? (O18, 4 n) 102251, Py24t (O18. 46 n) 102251253, 

omHoe uncio 3aperucTpMpoBaHHBIX «-YacTHIL Cc 9Heprueli Combe 8,5 Mop 
nmpu oO1yyennu Pu**! cocrapiano 18, a B cayyae Pu2?® 8. Brroncnennpie H3 
9THX aHHbIX CeYeHHA peaKUHH OKa3aIMCb paBHbIMH COOTBETCTBCHHO 
oil O° Fag 5 ree tee. 
OueBuAHO, UTO TIPH CTOMb MasbIx ahpeKTax OCco6y10 BaxKHOCTS IpHoOperaror 
OUBITHE MO ONpeneleHHio dona. B Hallux 9kKCHepHMeHTaX HCTOUHHKaMH (bona 


OTM ObITb KOCMHYCCKHe JIY4H, PeaKUMH C BbIVIETOM 9HEPrHUHBIX %-YaCTHIL, 
| BbISPIBACMBIC HEMTPOHAMH, HM 3arpAaA3HeHHe (POTONMACTHHOK U JeTanel mpoOuuKa 
|| PaMMOAKTHBHBIMH BEIeCTBaMH M3 CeMeHCTBa TOPHA, CpeMH KOTOPHIX HMeeTcA 
| ThC’ c sHepruel «-uacrum 8,78 Msp. Onnaxo (hou, OOyCJIOBICHHBIM ITUMM TIpH- 
| SHHaMH, He JOJDKeH 3aBHCeTb OT BPeMeHH BBIepKKH COOPHHKAa OKOJIO MHIUeHU 
iM BOSH (OTOMMaCTHHKH, M OTCYTCTBHe sbbeKTa MpH oObsyueHHH C BpeMeHeM 
IBEIMep2KKU | yYac yKa3bIBaeT Ha MaJIOCTh BCEX COCTABAIOULNX 2TOFO (poua. 

J{ONOJIHUTeEIbHYIO ONaCHOCTb pelcTaBsAIoT mpHMecw Bi u Pb B muuieun. 
(Cpequ mpoxyKTow peakiit B3aMMoelicTBUA MOHOB KUCMOpOya C 3THMH S7eMeH- 
TaMM MOryT OKa3aTbCsA HEM3BECTHbI€ H3OTONbI, HCIYCK aIOlLWe %-YaCTHIbI C 9Hep- 
rue > 8 Mos. Taxne u30ToMp OOnaqaior nepHonamu 10° * —10°8 cex.,m03ToMy 
| PerHcTpHpoBaTLca OYAYT TOMbKO Te H3 HUX, KOTOPbIe HaXOJATCA B PaBHOBeCHH 
(C MaT€PHHCKHMH SJIEMCHTaMH, HMCIIbITHIBaIOULMMH K-3axBaT C JOCTaTOUHO OOVJIb- 
WWMM NepvHogom. AvasiM3 paMoakTHBHBIX CBOMCTB 3JIEMeHTOB B 93TOM O6macTH 
nepvoduyeckouw cucTempl MenjeseeBa NoKasbiBaeT, YTO NOABJICHHe TaKHX H30- 
TONOB MaJIOBepOATHO, HO TEM He MeHee HE MOXKET ObITh COBEPIWEHHO UCKTOUe- 
HO. J[IH OKOHYATEIbHOTO BLIACHEHHA ZTOFO BOMPOca npesnomaraercaA MmpoBectu 
CMeMMaJIbHbIe OMbITHI. 

{Ipu B3saumMoygencTBHH yCKOpeHHEIxX HOHOB O}% c muayTOHHeM, KPOMe Peak- 
WH C HCNyCKaHHeM HeHTPOHOB, BO3MOX%xHbI peakuuu Tuna (Ol, pxn), KoTO- 
pple IpHBesyT K OOpas0BaHHIo MeHJeseBua (Z = 101). Onnaxo, cormacuo cy- 
WLeECTBYIOMeH CHCTeMaTHKe &-aKTHBHbIX Aep, TOJbKO OYeHb JerKHe H3OTOMBI 
MeHJeseBuaA OYAyT HcNycKaTb %-YacTHubl c sHepruelt 9 Moz. Jlua o6pa3s0BaHua 
TaKHX H30TONOB HeEOOXOAMMO UCMapeHue H3 cocTaBHoro aAqpa 8—10 nyKsoHoB, 
| TO B HallleM culydae JHEPpreTHYeCKH HEBO3MOXHO. 

Pe3ybTaTh MPpOBeeCHHbIX SKCHEPHMEHTOB MOKAa3bIBalOT, YTO IIPHMeHABIUAA- 
CA B HacTOAUeH padoTe MeTOAUKAa MO2KET ObITh HCMOMb30BaHA WIA perucTpaluu 
KOPOTKOXUMBYIUX &-AKTHBHbIX MPOAYKTOB peaKWHH C OYCHb MaJIbIM BbIXOJIOM 

(BnIoTb Jo ceuenult 10°3?—107 73 cm’). 
Ha ocuHope aHaJIv3a BO3MO%KHBIX IPHYHH CoHa HU PAa KOHTPOJIbHBIX 
| 9KCMePpHMeHTOB HaM MIpPeNCTaBAeTCA, YTO %-YaCTHIbI Cc 9HEpruel >8,5 Mop, 
HaOuOaBiiMecdh MpH oOOMyYeHHH IIyTOHHA MOHaMH KuCOposa, Mo BCcer 
| BEPOATHOCTH, CBASAHbI C pacnayom usoTonoB 102-ro smementa. Hameuenbl Javib- 
| HeHUIMe KOHTPOJIbHbIC OUBITHI C HCMOb3OBaHHeM Ooslee COBeplIeHHOH MeTOH- 
|| KH, KOTOPad MO3BOJIMT YCTaHaBJIHBaTb FeHeTHYeCKYIO CBA3b MEXKAy «-n3sTyya- 
(TeIAMH IyTeM HaGuJIOeHHA Ha (POTOMMIACTHHKe KOPPeHPOBaHHBIX TPeKOB 
o%-4acTH. 
| B 3aKso0ueHue aBTOPbl CUMTaIOT CBOHM JOJTOM BbIPasHTb OsarofapHOCTb 
| axan. VW. B. Kypuatosy 3a mocTOAHHbIM MHTepec M BHMMaHHe K paboTe. ABTo- 
| ppt OnarojlapHBl TakxKe rpyme CoTPpyAHHKOB NOX pykoBogcTsom IO. M. Ilycro- 
Bolita, oOecneuMBIUHM GecnepeOoliHylo paOoTy WHKJOTpOHa BO BpeMsA NpoBese- 
‘HHA SKCIMePHMeHTOB. 


Tlocrynuo 
| 28 IT 1958 
| LIMTUPOBAHHAA JIMTEPATYPA 


|) 2p), _ Fields, A. M. Friedman et al., Phys. Rev., 107, 1460 (1957). 
}2 7]. M. ce po 6 sp, b. H. Maxo3,M. C. Hodge, Atomuas sHeprusa, 3, 272 (1957). 
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TEXHHYECKAS PH38HKA © 


r. M. AJIMEB u LT. B. ABJLYJIJIAEB 


O TEMMEPATYPHOM 3ABHCHMOCTH TENJIONPOBOAHOCTH 
CEJIEHA C NPHMECbIO XJIOPA 


(ITpedcmaeaeno axademuxom A. ®. Hogde 1 XI 1957) 


TemmepatypHad 3aBHCHMOCTb KOIPPHUMeHTAa TeMONpPOBOAHOCTH MOJyNpo- | 


BOAHUKOBBIX MaTepHaJioB Msy4eHa HeAocTaTouHO. TerIOMpOBOAHOCTb MoJlympo- 
BOAHHKOB H ee 3aBHCHMOCTb OT XHMHYeCKOTO COCTaBa, OT KPHCTaJJMYeCKOM 
CTPYKTYPbI paccmMoTpeunI B padotax A. ©. Vode u ero yueHuKos (*~*). 

J\1A MOJTYMPOBOAHUKOBHIX BbINPAMHTeIeH TeMJIOMPOBOXHOCTh CTOJIb 2Ke Cy- 
IleCTBCHHa, KaK HW 3JIeEKTPOMpOBOHOCTb. B MpOw3BOJCTBe CeJICHOBbIX BBIIIpsA- 
MHTeJIeH C WeJIbIO YBEJIMYCHUA NPOMYCKHOLO TOKa B NOJIYNPOBOAHHK BBOAAT IIpH- 
MeCH TraJIOMJOB, B YaCTHOCTH XJIOP. ONbITbI NOKAa3bIBalOT, YTO MPH IWIeEKTpUye- 
ckoH (opMoBKe HM jJlaIbHelWel paOoTe 9ITHX BbINpPAMHTeNeH MPpOMCXOLUT me- 
pepacnpezeeHne mpumecel, YTO MPHBOAMUT K H3MCHECHHIO KaK IJICKTPHYeCKHX, 
TaK H TeMJIOBbIX XAPAKTePHCTHK CJIOA CeleHa HM CHCTeMbI B Weiom (°). B sanupa- 
OILEM HallpaBJIeHHH, BCJICMCTBHe BOSHHKHOBeCHHA BbICOKOrO MpHaHOAHOTO Co- 
TIPOTHBJICHHA, MPHJIOHKeHHOe K BbINPAMHTeO HalpAKeHHe MOYTH NOJIHOCTbIO 
CaMMTCA Ha 3/ICKTPOHHO-JILIPOYHOM Tepexofle. ITO cosfaeT rpafMeuT Temme- 
paTypbl BAO NowyNpoBposHnKa. TenmopaccesHne H, CleqOBaTeIbHO, HarpeB 

: BbINPAMHTeJIA CYLLCCTBCHHBIM OOpa3s0M 


s onpeeAeTCH TeNJIOMPOBOAHOCThYO Ce- 

e § JI@Ha H HMeeT BarKHOe 3HayeHHe Tak2Ke 
s|S| 200 WIA ONpeleeHHA TeMMepaTyPHBIX KOID- 
oe 1200 (pullMeHTOB TIpAMOrO H OOpaTHOTO comI- 
oat ‘ poTHBIeHHH BpIlmpsAMUTesa. Ilostomy 
o NIpeACcTaBAIO MHTepec H3YYeHHe BJINA- 

1200 ae 4 HHA WpHMeceHt xMopa Ha cbu3sHyecKHe 

2k ono cadt spies £3 CBOHCTBa, B YaCTHOCTH TelvIOMpoBol- 
pe HOCTb, celeHa. Bpiwlo NOKa3aHoO, 4TO Cc 
600 yBeJIM4eHHeM MpHmecH xsopa Jo 0,03% 

1+ 300 KaK JIA amMopduoro, Tak WH WIA KpH- 
05 cTaJIH¥eCKOrO CeleHa TeMJIONPOBoL- 
. 0 003006 0125 025 95% HOCTb YMeHbINaeTCA, 3aTeM BospactaerT, 


c(\_——+ He JOCTHrad BeHYHHEI TeNOMpoBoL- 
sherk HOCTH OeclpHMecHoro O6pasila, H Nocue 

menue (7°). Takne Ke 3aBHCHMOCTH Obl 
NOWYYeHI B Cy4Yae TpHMecu K CeeHy Opoma u Moga (1,12), 

OnbiT NoKasasu, YTO C yBeTH4YeHHeM coflepxaHHA IpuMecel XIOpa 31eKT- 
POMPOBOAHOCTh BO3pacTaeT, a 3aTeM YMeHbUaeTcH. MakcHMyM 3J1eKTPOrpoBoL- 
HOCTH IPHMepHO COOTBeETCTByeT MHHHMYMY TelompoBoguoctu (cm. puc. |). 

B Hactosmeit padore usyuanacb TemlepaTypHad 3aBHCHMOCTDb TeNMIOMpOBOL- 
HOCTH KPHCTaJWJIMYeCKOTO CeleHa C Pa3HbIM COJep%KaHvem xsOpa. OOpasusi c 
PaSHbIM COMepxKaHHeM XJOPa OBI M3TOTOBJIEHbI H3 CMeCH YeTbIPeXXJOPUCTOTO 
celeHa H CeleHa yncToTOH 99,996% . OnpegemeHHe KOUIMYeCTBa XJOpa B CeeHe 
MPOWSBONHJIOCb MeTOXOM apreHTomeTpun. Koaddutuent TeNJIONPOBOAHOCTH 
ONPEHCIANCA CTAIMOHAPHbIM METOJOM C NOMOLLbIO MWIOCKOrO WHIKHApHyeckoro 
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0,5% HacTyMaeT MOUTH MOMHOe HacHI-~ 


uipuOopa, MMeIOMLerO UYBCTBUTeAbHOe NoWyNpoBOAHUKOBOe OXPaHHOe KOJIbIIO, 
vcTpaHaioujee OOKOBbIe MOTepH Tera. 
Ha puc. 2 mpefcraBiena TemnepatypHaad 3aBHCHMOCTb KO3@PHUHeEHTOB Ten- 
ONPOBOMHOCTH CeeHa C Pa3/IMUHbIM COJepxXaHvem xsopa. BugHo, uTo ¢ no- 
BBIICHHEM TeMMepaTypbl KoOSPpullMeHT TenOMpoBOAHOCTH YyMeHbIaeTcA To 
imuHeHHOMy 3aKoHy. Manoe oTKsoHeHHe ais 
DT TIpAMOM MMeeT MeCTO TOMbKO JIA  *ceK-2p00 
iucToro oOpasila. 
| Ha pwc. 3 mpencrapnennr saBucu- 1" 
IMOCTH TeIMVIOMPOBOLHOCTH OT 3ueKTpO- 
POBOJHOCTH WIA OOpaslloB uucToro ce- 

eHa H CeleHa C pa3HbIM cofepxKanuem | 37 : 
kXulopa. Kak BugHO, JIA BCeX o6pa3loB 


| 

e ) 
WiMeeTCA JIMHe€MHAA 3aBHCHMOCTb MeXxKy ~ : 
IJIEKTPONPOBOAHOCTHIO HM TelompoBol- 4°} <5 

HocTbio. C yBeJIMYeHHeM CojlepKaHns 6 

wopa HaKJIOH MpAMOM YyMeHbilaeTcs. 

akxKe JIMHeEHHYIO 3ABHCHMOCTb MexK ; i ee eee 
: aa nr a ne nn 


SJIEKTPONPOBOAHOCTbIO MH TeMJOMpoOBOL- fos 

1 ee nowyunia E. J]. Jesatkosa 1A Puc. 2. 1—Se+ 0,0000% Cl; 2— 
ITeJIypHCTOro CBHHIa B OONaCTH TeMMe- —Se + 0,0035% Cl; 8—Se + 0,0070% Cl; 
jpatypsr 80—450°K (**). 4 —Se + 0,0150% Cl: 5 — Se + 0,0600% 
IIpampie, moKkasprBaioulue 3aBHcH- Cl; 6 — Se + 0,0300% Cl 

\MOCTb A OT 5 KaK AIH OeciipHMecHoro 06- 

pasila, Tak M OOpasiloB C MpHMecbiO XOPa, MOX%KHO MpeAcTaBUTb ypaBHeHHeM 


rie Ru c — MOCcTOAHHbIe AIA KarxKJoro oOpasila. 

Jlna o6pasuoB C pasHbIM MpOWeHTHbIM COfepxXaHveM XOpa NOJyyeHo: WIA 
Se k = — 0,0286, c = 0,00660; gaa Se + 0,00385%Cl k = — 0,037, c = 
‘= 0,00635; gana Se +0,007% Cl k=0,00023, c=0,00565; ana 
Se + 0,015% Cl == — 0,00029, c = 0,00530. 
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Puc. 3. O6o3HaueHHA KPHBbIX Te 2Ke, UTO Ha PHC. 2 


Ha puc. 4 mpeycraBiena 3aBHCHMOCTb TeMIONpoBOAHOCTH OOpasiloB Cc pa3- 
IMUHBIM Colep%KanveM XJOPa OT WI€KTPOMPOBOAHocTH MPH pasmMUHEIX TemMMe- 
paTypax; mp Bcex TemmepaTypax C yBeIMYeHHem 9eKTPONMpOBOAHOCTH Telr- 
NOMPOBOJHOCTh CHauala YMeHbINaeTCA, a 3aTeM YBemMuMBaeTCA. ToUKN Ha KpH- 
BLIX COOTBETCTBYIOT OOpa3sllaM C KOHWeHTpaluet Xopa 0; 0,0035, 0,007, 0,015, 
0,03 u 0,06%. 


Visnectuo, uTo o6mHii KosbPuUNeHT TEMJONPOBOAHOCTH Tela CKJabIBAeTCA 
U3 KOSPPHINEHTOB TEMOMPOBOAHOCTH, OOYCOBCHHEIX GOHOHAMH HW 3NIeKTPO- 


HaMH: 
ice nga 


h, CBA3AHA C 2ICKTPOMPOBOAHOCTHIO oO 3aKOoHy Buxemana — Ppauua. 


Kak Juia Oecupumecuoro oOpa3ila, Tak HM OOpasiloB C NPpHMeCbiIO xXJopa IIe~ 


KTPOHHAA JONIA TeNJIOMPOBOAHOCTU HHUTOXRKHO MaJla, YTO NOATBEPAHJIOCb OTCYT- 
TBHE€M BJIMAHHA MATHHTHOLO MOJIA Ha TeIVJIOMNPOBOAHOCTE. 


ACH 
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55-10" 
is 30 
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Puc. 4. Touku na kpuBplx 30° uw 50° B HanpaBjeHHH 

YBeIMYeHHA GC COOTEeTCTBYIOT npHMecsm (0); 0,0035; 

0,007; 0,015; 0,03 u 0,06% Cl; Ha kpuBoi 40° — 0; 

0,0035; 0,015; 0.03; 0,06% Cl; Ha kpuBoH 80°— 0: 
0,007; 0,015; 0,03 u 0,06 Cl. 


Hi3meHeHHe TeIMJIONPOBOAHOCTH KaK B AaMOP(HOM, TaK WH KPHCTaJIJIHYeCKOM 


CesleHe B 3ABHCHMOCTH OT CTeMeHH KPHCTaJJH3auHH H COepKaHHA Mpumeceh 
onpeeaeTCA, rlaBHbIM OOpa30M, YCJIOBHAMH paccesHHA (OHOHOB. J loBpiuenne 
TeMlepaTypbl MPHBOAHT K YCHJICHHIO pacceAHHA POHOHOB Ha (POHOHAX, T. e. 
YMeHbIUeHHIO KOSPuUNeHTAa TenJIoNpoBoAHOCTH. JleHCTBHTeJIbHO, OMBbITbI Mo- 


Ka3aJIH, YTO C NOBBIIeHHeEM TeMMepaTyPb! KOSPPHUHEHTHI TeMJIONPOBONHOCTH — 
cemleHa yncToTor 99,996% mu celeHa C IpHMeCHMM XJIOPa YMeHbIWaIOTCA MO JH-- 


HeHHOMY 3aKOHY. 

YXyMUeHHe BOJIbT-aMNepHOH XapaKTePHCTHKM CeJIEHOBBIX BbIIIPAMHTeVIel 
Mp NOBLIMeEHHM TeMMepaTypbl YaCTHYHO CBA3AHO C YMCHbIeHHeM KooPulnen- 
Ta TEMJIONPOBOMHOCTH CesleHa H, CyI€NOBAaTe/IbHO, TelOpaccesHUA C Temnepa- 
TypoH. 

HanOoubuei TenionpoBodHOcTbIo mp Temmepatype 80°, coorBercrTByrouleli 


padOouelt Temmepatype CeJIeHOBBIX BBINPAMUTEeTeH, OOaqaeT CeeH C MpHMecbIO 
xmopa 0,0035%. 
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Hokuayne Akangemun nayr CCCP 
1958. Tom 120, Ni 1 


TEXHHYECKAA PH3SHKA 


JI. C. MAJIATHHK wu I. B. SEQOPOB 


TIPHMEHEHHE METOJIA OBPA3LIOB TIEPEMEHHOrO COCTABA 
AJA WVCCUENOBAHHA TPEXKOMNOHEHTHBIX CilJIABOB 


(ITpedcmaeaexHo axademuxom C. A. Bexwunckum 27 I 1958) 


Hactosmjaa paOoTa mpectaBiser nonpitky pasBuTHA MmeTosa oOpasos: 
HepeMeHHOro cocTaBa (*) B IIpHOXKCHHM K TpeXKOMMOHeHTHBIM CviaBam. Cne- 
HH@HYeCKOH OCOOeHHOCTHIO MeTOJla ABJIACTCA BbICOKAAH CTeNeCHb ~ HepaBHOBeEC- 
HOCTH NOJyYaeMbIX OOPasHOB BCNeACTBHe ObICTPOrO OTBOMa KOJJIeEKTOPOM Ten~ 
JlOTbI KOHJeHCalnH. UeM MeHbIIe TOMUIMHA COA M CKOpOCTh KOHJeHCalun, 
pee TemlepaTypa NOAIOKKH M BbIMe ee TEMNepaTYPOMPOBOAHOCTb, TeM cHC-. 
ema Oovlee ylauleHa OT TepMOJMHAaMHYeCKOrO PaBHOBeCHA. 

_ IIpu onpefenenupirx yculoBHAX MMeeT MECTO JWINTeIbHaA CTaOuIH3allna He- 
PaBHOBECHBIX COCTOAHUH, 3akJIOUaIONLAaACA B COXpaHeHHH BHYTPeHHUX HanpsA- 
eCHHH B KOHJC€HCHPOBaHHOM CJI0e, KOJIIONAHOH CTeneHu JMCNepCHOCTH MOHO- 
PUCTaJIJIOB, Me€TaCTaOWJIbHBIX CTPYKTyp B BHJle BbICOKOTeMMepaTyPHBIX (pas B: 
OJHOKOMIOHEHTHEIX OOpa3lax (?), 3HAUMTeIbHOH mepecEmeHHOCTH HM HeOL- 
HOPOJHOCTH TBePAbIX PaCTBOPOB B MHOTOKOMMOHEHTHHIX OOpa3zilax UT. J. 
B cBA3H C 93THM MeTO] OOpa3loB NepeMeHHOrO CocTaBa MpelcTaBAeT CoMbwos 
MHTepec MIA W3YYCHHA HEPaBHOBECHLIX HU KBa3HPaBHOBeCHbIX COCTOAHHH B: 
cnvlaBax. 

Iipupeyenne oOpasioB B AOCTaTOUHO OHM3KOe K PaBHOBECHOMY COCTOAHHE- 
JIA W3YYCHHA AHarpaMM PaBHOBeCHA CIaBOB MOXKeT ObITb JOCTHTHYTO TyTeM 
KOHACHCalHH MeTaJJIOB Ha TOPAYHH KONNeEKTOP JHOO OTKHTOM OOpa3ila, CKOH- 
JJGHCHPOBaHHOTO Ha XOJIOJHBIM KOJIJIEKTOP IPH BbINOJIHeEHHH YCJIOBUH: 

tp <Ei tio ELM, (1) 
Pe t — UpOOJMKUNTeIbHOCTh OTIKUTa OOPasila, tr — BPCMA YCTAHOBJIeHHA Ten- 
JIOBOTO +PpaBHOBeCHA KOHJeHCaTa Ha KOJWIeKTOpe B Npollecce oTKHTa, t — 
BPeMA JLOCTHOKeHHA paBHOBeCHA B «MakKpOcKONMYeCcKON» oOOsacTH J OOpa3ila: 
(HanpyMep, B lpeyejax OJ{HOrOo 3epHa WJM MOHOKPHCTa/vIa), ty. — BDeMA BBI- 
PaBHHBaHHA KOHLEHTpalWH KOMMOHEHTOB M@*Ky COCeAHHYMM HCCJIe,yeMbiMi: 
yuacTKamMu oOpasia pa3smepa L(L>>/). Ilomarai pasyMHbIMH — BeJIMUHHDBI: 


ty ~ 108 cek. (t Str ~ 10 cex.), /~ 104% cm, L~ 10! cm, no omeHounsim: 
cbOpMyviaM: 


1% ~ P/D, %~ L?/D, 

HalijleM WMHTepBasl 3HayeHHH KosdppuuNenta Auddysuu D, mpa KOTOPOM Bos3- 
MOMKHO OCYUeCTBIeHHe Wudpy3HOHHBIM MyTeM OJIM3KHX K PaBHOBeCHIO COCTON- 
HHH B JIOKaJIbHbIX OGJacTAX OOpa3ua MepeMeHHOrO CocTaBa: 


WO Be 105 ten cex (2), 


Kak BuaHO H3 olleHKH (2), WH OoMbIUOrO KOMMYeECTBA CHCTeEM JeHCTBHTeIb~ 
HO MOXKHO OGeCreuMTb YCOBUA SKCMepHMeHTA, AONycKaloMlue AocTaTouHoe Mpu- 
61WKeHVe K PABHOBECHIO B JIOKAJIbHBIX YYaCTKAX ClaBa N€peMeHHOTO COCTAaBa. 
- B mpouecce paspa6oTKH MeTOAMKH MpelapHpoBaHMsA M pacueTa KOHIeHTpa-~ 
MMi TpeXKOMMOHEHTHBIX CHCTEM HCCJIEMOBAaJINCb CMaBbI Mep€MeHHOTO COCTaBa: 
Pb—Bi—Cu, Pb—Bi—Ag, Pb—Bi—Sb*. : 

Vicnapenne MeTasJIOB MpOMSBOLMOCh H3 UMIMHApHyecKUx TarseH, MO3BO- 
JIAYOULMX KOHJCHCHPOBATb OOPasiibl ROCTATOYHON TOVJILLMHBI (> 10°? cm). Kouyzeu- 
CallMA MpOHSBOLMaCbh Ha CTCKJIAHHBIC MaCTHHKH, Harpetbie No Temnepatyppl 
100—120°. OrunocutTebHO BEICOKaA TeMMepaTypa KOJWIeKTOpOB oOecneunBaa 


* B aKclepHMeHTasIbHOM paoOoTe MpHHHMaJH yuacTHe B. I. Uncraxos, JI. T. Sinenpman 
uw C. H. Jlaparouenko. 
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foulyueHHe JocTaTOuHO KPYMHOKPHCTaJIM4eCKOn CTPYKTYPBL KOHJleHCaTa, JlO- 
MyCKatolleH MPpHMeHeHHe PeHTTeHOCTPYKTYPHOTO aHal3a (*). PacumcbposKa 
PeHTreHOrpaMM IIpOH3BOHaCb MO AaHHbIM Ge), 

Jaa HarmAaAqHoctH MpHMeHeH CJeLyroulM cnocoO OOo3HayeHHA Ha AMarpam- 
x COCTOAHMA: HCCeLYeMbIt yUaCTOK KOJMeKTOpa M300parKaeTcA Ha TpeyPoub- 
Huke [u60ca Kpy2KKoM, 
paseleHHbIM Ha Ce€K- | 
TOpa, MpONOpUHOHaIb- 
HbIl€e KOJIMYeCTBAaM (pas 
B 39TOM yu¥acTKe. Kax- 
Ibi CeKTOp OO03Hada- 
eTCA WITPHXOBKOH, IpH- 
CBOCHHOH aHHOH (a- 
3e. Tpanuupr das Ha 
TpeyrombHuKkax [u66ca 
TIPOBeeHbI TO JaHHbIM — 
NOJIYKOJIMYECTBEHHO TO — 
PeHTreHOCTPyKTYpHoOro 
(ba30Boro aHaJIv3a U 
MeTaJJIOrpapHyecKkoro ~ 
aHaJlH3a, C yYYeTOM Ipa- — 
BHJI pbluara W WeHTpa 
TA2KeECTH. 

OcHOBHBIM MOTHBOM 
BcexX TpexX uarpaMM 
ABJIAeTCA JBYXKOMMO- 
Puc. 1. W30tepmuyeckoe ceyeHue AMarpamMbl cocTosHua cu- HEHTHAA CHCTeMa pi 

crempt Pb — Bi — Cu Bi, B KoTOpoH oOpas3y- 

eTCA HHTepMeTaMye- 

ckaa B-cba3a, CyulecTBY1Olad B OOMaCTH KOHWeHTpalMl oT 67% qo 75% cBHH- 
la H MMelollad TeKCafOHaJIbHy1O MMIOTHeMILYIO ymaKOBKy (* 7). y-cba3a ABIA- 
e€TCH TBEPAbIM PacTBC= 
POM BUCMyTa B CBHHIe. ry | 

PacTBOpMMOCTb CBH- me < x 
Hija H BUCMyTa B Meu 23 ey 21 i 
ipakTHyecKH OTCYTCT- 33 Oi @- 

ByeT. PacTBOPHMOCTb Pele a 
BHCMyTa B_ cepedpe, 4f Jo C) 
onpefeeHHad peHTre- ILE 70 
HorpaduyeckH, COCcTaB- 15 ale OM 95 
aaet 5,5% (°) wu cBuHIta 
B cepeOpe mpH6mn3u- ‘GG Je 

0, (72 I, — 40 Ie 
TembHo 4% (*). J[Byx- ve iW 

60, y 


Ma 


KOMIIOHEHTHAA CHCTeMa — 
BHCMyT — cypbMa 0O6- < 42 
pasyer HempeppIBHBIIi KH ¢ Pare. Mages sSmemt eae 
pA TBeplptX pacTBo- S 
pos. JIByXKOMMOHeHT- X/ DA 29 
Hasl CHCTeMa CBHHeEL— nf 26) i NG 
CypbMa oOpa3yer 2B- of: \ 26 4 
TCKT - 
RIMKY HS Orpauw- pple @ | 2 ugar ee 


YeHHBIX TBePAbIX pac- po ors i 
TBOPOB. PactBopu- 


MOCTb CYPbMbI B CBHH- Puc. 2. W30Tepmuyeckoe ceyenue muarpamMbl cocTosHHa cH- 
we  cocTaBlaer mnpu ocala es 
HOPMaJIbHOH Temmepa- 

0 
Type 0,24%. OrvocutenbyHo TIpeeOB PaCTBOPHMOCTH CBHHIla B cypbMe 
TOWHBIC MaHHbIe OTCYTCTBYIOT. | 
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Puc. 4. PentrenorpamMMbl TpeXKOMMOHEHTHBIX cCNaBOB (H3uyyeHHe Cr, 

JMametp Kameppi 113,5 mm). a —Pb—Bi—Cu, o6pasen 6* (22% Pb, 

70% Bi, 8% Cu); 6 — Pb — Bi — Ag, o6pasen 26 (25% Pb, 73% Bi, 
2% Ag); 6 — Pb — Bi —Sb, o6paseu 25 (39% Pb, 15% Bi, 46% Sb) 


JUAH, tT. 120, Nei, Tlanatuux, Pexzopos 


Cuctema Pb—Bi—Cu (puc. 1). Mone usorepmuyeckoro ceyenua Jna- 
PpaMMbI COCTOAHHA pa3sOuBaeTCaA Ha OONacTH: a) OAHOdasHbIe: y HB; 6) DByXx- 
a3sHbie: y + Cu, B + Cu, B+ Bi,y + 8; B) TpexcbasHpre: y + Cu + 8, 
+ Cu-+ Bi. Toy 8- u y-cba3amu noxpasyMeBaroTca TpeXKOMMOHEHTHBIe TBEp- 

WIbIe PaCTBOPbI Ha OC- 
HOBe B- H y-cba3 AByx- 
KOMIOHEHTHOH CHCTe- 
mbt Pb—Bi. Peutre- 
HOrpaMMa OJHOTO 43 
yuactkoB (6*) mpuBe- 
Wena Ha puc. 4 a. 

HW CorT eM a 
Pb—Bi — Ag (puc.2). ~ 
SamMeHa MeqH Ha ce- 
peOpo He MeHaeT ToNO- 
TOTHECK 10 CTPYyKTy- 
py AHarpammb! cocTos- 
HHA TpeXKOMMOHEeHT- 
HOW CHCTeMBI, BBHLY 
He3Ha4HTeJIbHOM pac- 
TBOPHMOCTH CBHHIa u 
BHCMYyTa B cepeOpe. 

[Ipuseraioujat «Kk 
BepumuHe Ag oHoda3- 
Han OO/aCTb AY at pane Puc. 3. M30Tepmuyeckoe ceyeHHe AHarpaMMbl COCTOAHHA CH- 
Mbl COCTOAHMA mpel- Geuih DSB Se 
cTaBAeT COOOH Tpex- 

KOMMOHCHTHEIM TBepbIi pacTBOp BUCMyTa H CBHHIWa B cepeOpe (a«-cpa3a), 4TO 
MOATBEpKAaeTCA HCKOTOPbIM H3MCHCHHEM TapameTpa pelleTKH Ha PeHTIeHO- 
rpammax «-da3pr (4,13 A npotus 4,08 A Ama uncToro cepe6pa). 

 B pesyaptTate Oomee TuLaTesIbHO OTPAaOOTAHHOM MeTOAMKH U OOvIbuiero KOWIH- 
YeCTBa HCCJICIOBaHHbIX Y¥YaCTKOB TOUHOCTbh MOCTpoeHHA AMarpaMMbl COCTOAHHA 
Pb—Bi—Ag pple mo cpaBHeHuio c AMarpammMoHh Pb—Bi—Cu. B yuacrKax 
2,4,44 ne yKa3aHO HamMuHe BUCMYTAa, XOTA JaHHbIe MeTaJJIorpapuyeckoro aHa- 
JIM3a, KOTOPbIe€ MBI HE MPHBONMM H3-3a HeMOCTaTKa MeCTa, CBHJETeIbCTBYIOT 
O €fo IIPHCYTCTBHH B MepeyHCJIeHHbIX yuacTKax cmaBa. Ha puc. 4 6 npuBexe- 
Ha peHTrenorpamMMa oJHoro “3 yuacTKoB (26) cnmaBa. 

| Cuctema Pb —Bi—Sb (puc. 3) Tome u30Tepmuyeckoro ceyeHua 
MarpaMMbl cocTosHuA cuctemsr Pbh—Bi—Sb pa36uBaercs Ha OOmacTH: a) OHO- 
basupie — «,8,y; 6) aByxdasnpe —y +a, y+ 6, B+; B) TpexdasHyio 
y + 8 + a. JiByxtasHad o6macTb B 4+ «% 3anuMaeT Oovlee MOMOBHHI MIOWalH 
Tpeyrombuuka [u66ca. IlyHktupomM o603Ha¥eHO MIPHMePHOe pacnooOx*KeHHe KO- 
HOM, COCIMHAIOILHX CocymlecTByIoulHe a«- Hu B-cbasbl. PeHTreHorpamMa oJHoro 
“M3 ydacTKoB (25) mpuHBeyena Ha puc. 4 6. 

Tlomyyennpie SKCNeCPHMeHTAJIbHbIe Pe3YIbTATLI MOKA3bIBaIOT, UTO MPpHMeHAB- 
maadcd MeTOWMKa MpenapupoBanua UM UcCeqOBaHHA OOpasloB NepeMeHHOro 
COCTaBa ABJIAeTCA BNOMHE LeecooOpasHoH, No Kpaline Mepe Aa WpeqBapHTevb- 
HOrO H3y4eHHA WuarpaMM COCTOAHHA TpeXKOMMOHECHTHBIX CIWIaBOB. 

Koueucallua MeTavIoB Ha ropxuyIO NOMMOKKY HW 3HAYHTebHAaA TONUIMHA 
cod O6ecneyMIM BocTaTOUHOe MpuG/IM2KeHHe K PABHOBECHIO B JIOKAIbHbIX 0O- 
aCTAX CMMaBOB. OG 23TOM CBUeTEIbCTBYIOT TOHKHE HHTepPepeHUMOHHbIe MHA 
oT HaGIONaBLUIUXca (bas, a B Calyuae a-, B-, y-cpas u Bi — axe TovedHbIe JHHHH 
(puc. 4), uTo YKa3BIBaeT Ha BOSMOXKHOCTh MpeHeOpexkenuA adbexTamu Wucnepc- 
HOCTH, BHYTPCHHHX HalpAKeHHM WJM KOHUCHTPallMOHHOH HeOAHOpOHOCTH 
a3 B Mpeyleiax uccmekyemoro yuacTKa ciaBa MepeMeHHoro cocTaBa. Kpome 
Toro, B y4acTKaXx, OIM3KUX To cocTaBy K OMHAPHBIM CIVWIaBaM, OOHapyXHBaeTCA 
XOPOIIee COOTBETCTBHE H3BECTHEIM M3 MHTepaTypbl AMarpaMMaM paBHOBecuA 
(7); Bo BCeX HCCeEIOBAHHEIX OOpasax OTCYTCTBYIOT PasbI WIM COCMMHCHHMA, CTa- 
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OMJIbHOCTb KOTOPHIX BbI3bIBaa Obl COMHeHHA. Hakouell, HAMM HUTe HE OOHA- 
PY2KEHbI OTKJIOHCHHA OT MpaBuua cas [uO6ca u OT NpaBuJla O COMpuKacarolinx- 
cA OOmacTaAx pasqeneHua cas (*), YTO TakxKe CBHJeTeIbCTBYeT O AOCTATOUHOM 
NpHvOIM2KeHHH K PaBHOBeCHIO. OTMeYCHHEIe BBILe MOrpeliHOCTH B NMOJIOKeHHH 
rpaHul u oGsacTeli cocyulecTBOBaHHA (has CBA3AHbI TOJIbKO C HETOUHOCTAMK 
NOJIVKOJIMYECTBEHHOTO (pa30BOrO PeHTTeHOBCKOrO aHaJIH3a. 

IIpeumyiecTBOM MeTOAMKH UCCJIeOBaHHA MHOTOKOMMOHEHTHBIX CIJIaBOB 


Ne€PeCMeCHHOTO COCTaBa ABJIACTCA Pe3KOe COKPalleHHe padorTpi MO YCTaHOBJICH HO. 


TONOOrHYecKOL (MOJ1yYKOJIM4eCTBEHHOH) CTPyKTYpbi WHarpammM cocTosAHHSA. JLaib- 
Helilllee YTOUHCHHE MOXKET ObITb MPH HeEOOXOAMMOCTH MpoBeeHO OOBIUHbIMH Me- 
TOAaMH Ha CPpaBHHTeJIbHO HeOOJIBIIOM KOJINYeCTBe OOpa3llOB MOCTOAHHOTO Co- 
cTaBa. 


XapbKOBCKHH MOJHTeXHHYeCKHM HHCTHTYT Toctynuso 
um. B. MH. Jlennna 24 I 1958 


UMTMPOBAHHAS JIMTEPATYPA 
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XHMHA 


WM. H. JIEMEWIKOB u X. 8. ®PAXKHHA 


KAPHAJIWJIHT WH CHHTEHUMT B OTJIOKKEHUSAX COJIAHOFO O3EPA 
IDKAKCbI-K JIbIY (TIPHAPAJIbE) 


(I]pedcmaéaeno axademuxom H. H. Yepraesoim 1 XI 1957) 


KamuicosepKallve MHHEPaJIbI OYeHb PEAKO BCTPeYaIOTCA B OTIOXRKeCHUAX CO- 

BPCMCHHBIX COJIAHBIX O3ep. 

| Hanuune kapnanmuta (KCI-MgCle-6H2O) u Kaunuta (KCIl-MgSO.-3H20) 

PbO OTMeYeHO I. [. YpasopyimM uv Ap. B COUEBbIX OTJIOKCHHAX NWpHOperxkHoHt 

ioHbI Kapa-bora3-Toua. 

IIlpuH @u3HKO-xuMHYeCKOM OOCIeELOBaHHH COJIAHbIX O3ep CeBepo-BocTouHoro 

toOepexba Apaibckoro MopaA Hamu OpImH OOHapy2KeHn! CHHreHHT (Ke2SOa- 

‘CaSO1-H2O) wu KapHanuT B OTJO%KeHHAX CcoAHOTO o3epa JIKaKcHI-Kap. 

STo osepo pacnosoxweHo B 20 kM ceBepo-BocTouHee ApasbcKoro Mops. 
apxAly C paccomaMu B O3epe HMEIOTCH OTJIOXKEHHA COE B BUe acTpaxanuta 

NaioOe MgSO 40), mMupaOusauta (NazSOs-10H,O), Texapgura (NazSQa), 
paTow cepHokucyioro MarHua (MgSOa-7H20, MgSOs-6H2O, MgSOa- 5H2O, 

AgSO.-H,O), raay6eputa (NazSO,-CaSO.) u runca (CaSOs:2H20).. 

O6ulad MOLIHOCTh MWIacToB B O3sepe JocruraeT 4,5—5 om (3). 

Tloq BepxXHuM cl0eM MOBapeHHOl cou (MouHOCTh Jo 2 M) HMeeTCH nwact 

‘cTpaxanuta (MomHOCTb Jo 1,5 M), a B HEKOTOPbIX 30HaX O3epa 3asleraeT MUPa- 

WJIMT MW TeHapdHT. 

B Hw2KHEeM Cyl0e ACTpaXaHUTOBO"O MlacTa BCTPeyaloTCA KPHCTaJJIbl THApaToB 

epHokucsoro MarHua (6-, 5- u 1-Boquoro) u runca. 

Mexyly Apy3aMu KpHCTaJJIOB acTpaxaHuTa HaMH ObiJI OOHapy2KeH CHHTeHUT 

Bue M@JIKOKPHCTAasJIMYeCKHX BKJIOUCHHHM Oeloro WBeTa, HMEIOULMX CJeLyto- 

ui XHMMYeCKHH WM MHHeEpaJIOrHyeCKHH COCTaB (TaQsta sie 

Hanuune cuHreHuta OblIO NOATBepKAeHO KPHCTaJIJIOONTHYeCKHM HW TepMo- 


paduyeckum MeTOJaMH HUCCJIeIOBaHHaA. 
Ta6Oauna 1 


Coup gi eta Munepaa ee 
CaSO O27 CuHreHut 33,72 
: (KeSOx4 0 CaSO, ° H,0) 
MgSOg 24,85 ActpaxaHHuT 42,97 
(NagSO4- MgSOq-4H20) feet 
Naz:SO 18,25 Tlentarugpat ; 
a MgSOq4-5H,0 
KsSO, 17,89 NaCl 2,83 
NaCl So OcraTokK HepacTB. B Bose 4,40 
OcraTokK HepacTs. 
B Bone Sas 
> eae 82,19 ene 100,31 


* Jl cHHreHHTa H3 HepacTBOPHMOrO OCTATKa B3ATO 4,71% CaSO, 
6* 83 


KpucTaimoontu4eckve KOHCTaHTbI CHHTeHHTa, MpHpoAHOro H ee 
ro, OKa3aIMCb CueLYIOUMMH: CHHTeHuT cuHTeTHYecKHH Ng 1,518, NN; Loom 
, 
CHHreHUT MpHpodupt (43 03. J>Kaxcpi-Kapy) Nz 1,519, Np 1,500. 
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Puc. 1. KpuBaa HarpeBaHHa CHHTeHHTAa 


’ Ha’ KpuHBoi Harpepanusa oOpasiia npupoduoli comm u3 osepa J)KaKcpl- Kary: 
(puc. 1) umerorca Tepmuyeckne appekTbI, XapaKTePHbIe KaK JIA CHHTeHHTAa, TaK 
H [WIA THApaTOB CepHOKHCOTO MarHHA MW aCTpaXaHuTa, COJepxKalluxca B O6-: 
pase. 


Seven pata oO 


600 


20 40 60 8000 mua. 


Puc. 2. KpuBad HarpeBaHua KkKapHanmuta 


Qbbext npn 245° orgeyaer o6e3BoOxKHBAHMIO CHHTeHHTA, mpu 432°— ero pa3- 
JOXKEHHIO, a mpH 590° — npeppaulenuto cymbibata Kana. 

Tepamueckue sdipextet mpu 80, 155 u 360° coorsercrByioT Jeru<patanuu 
rekcarufpata CepHOKHCOrO MarHHA M Ku3epHTa, a mpu 220° nernapatauny 
acTpaxaHuta. 

OOpasoBaHue CHHTeHHTa MpOHCXOMUT, Mo Bcel BeposATHOCTH, B pe3ysbTaTe 


B3aMMONCHCTBUA O3EPHEIX paccouloB, coxepxanux fo 2% KCl, c runcom, or- 
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}IO2%KCHHS KOTOPOFO HMEIOTCA B 3HAYMTENbHOM KOJIMYeCTBE B COvIAHOM o3epe. 

Cueqye? OTMETHTb, UTO CHHTeHUT OUeHb pelKo BCTpevaeTcA B Mpupore. Bnep- 
bl€ OH OblJI OOHAPYKCH B COJAHBIX OTIIOXKCHUAX Kasyuia (CranucmapcKasd o6n. 
YCCP) “ Ha3BaH KaslyuuTom (?). 

J[pyrot kanuiuol combio, KoTOpaa Obiwia Hamu OOHapyKeHa B COJIAHBIX OT- 
OXKEHUAX, BSATHIX C MOBepxHocTu 038. JDKaKcpI-Kapu, ABIAeTCA KapHaNAHT. 
||  Kpuctaimsayua KapHanauTa mpoucxolula m3 paccosoB pH WX ucMa- 
|PCHHH B JeTHHH Nepvoy. Kpome kapHaslauTa u3 paccomoB o6pasyioTca KpH- 
CTA Jbl THpaToB CepHOKUCAOrO MarHuA u Outuoduta (MgCl,-6H,O). 


Ta6auna 2 


Cou scene Munepan fe each 
~ MgSO, 419,85 Kapuanaut 58, 52 
(KCI-MgCl,-6H.0) 
MgCl. APE Tekcarugpar ayes 
(MgSOq-6H,0) 
KCl eT Bumour 2,24 
(MgCl,-6H,0) 
NaCl 1,88 NaCl 1,88 
cuaena: 08,59 ae oe | 5) 
B Ta61. 2 npHBowHTcA XHMMYeCKHH HM MHHepasorMuecku cocTaB oO6pa3ia 
(COJIM, B3ATOTO HaMH C NOBepXHoOcTH o3epa JIxKaxKchi-Kap (cepepHprit Gaccelin). 
KpuBac HarpeBaHua OOpasila STOK com MpuBeseHa Ha puc. 2. TepmuueckHe 


adcbeKTbI Ha KPHBOH cooTBeTcTBy10T: npH 60 u 80°— o6e3BoKuBaHMIO rekcaruy- 
jpata; mpu 160, 230 u 400°— yernapatatiun u pa3oxKeHuloO KapHaJAHTa. 


MuctutTyt o6meli H HeOpraHHyecKOH XHMHH Iloctynuse 
um. H. C. KypuHakosa 31 X 1957 
Akajemun HayK CCCP 


HWMTHPOBAHHAS JIATEPATYPA 


1Jl. M. TpoxospceKkuit, COops. pa6ot tpecta MocreomHepya, B- 1 (1950). 
1 HW. H. Jlienewxkos, Kanniiupie conn Bosra — Sm6n1 un IIpuxapnatea, W3a. AH CCCP, 
11946. 
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Jloxnayn AkawemMun Hayk CcCccP 
1958. Tom 120, Ne 1 


XHMHA 


Axkanemuk [w H. HA3APOB | u M. B. MABPOB 


O JWEHOBbIX KOHJEHCAUMAX TEM-3AMELJEH HbIx 
BYTAJHEHOB 


Bompoc 0 BO3MOXKHOCTH BCTYMJIeHHA TeM-3aMelLeHHbIX OyTaHeHOB B AHeHO- | 


Boili CHHTe3 LO MoCsIeqHero BPeMeCHH OCTaBaJICcA OTKpbITHIM. I[lomMHMO HeEKOTOpbIX 
padot (*~°), MoABHBLIMXCA B MoCJIeqHee BPeMA, O JHCHOBbIX KOHeHCalMAX STUX 
JLHeHOB ObIJIO H3BeCTHO JIMUIb H3 NaTeHTHbIX JaHHbIX. 

B To %e BpeMs, pAOM aBTOPOB OTMeYeHO, ATO AHeHbI TOTO THMa COBCeM 


He BCTYMaloT B peakiMio (*) HJM, Kak MoKa3aHO Ha IIpHMepe KOHJeHCalHH C~ 


MaJICHHOBbIM aHTHApHyOM, oOpa3syioT JIMWIb MoJMMepHble NpOAYKTHI. 
Hamu mpeAmpHuATo LeTabHoe UccJleqoBaHve TaKoro podja KOHJeHcallHi. 


B kauecTBe MpocreiittHx TeM-3aMelleHHbIX JMeHOB Obi usOpanpi 1,1-quMe- 4 


tua-(1), 1,1,2-rpumerua-(II), 1,1,3-rTpumerna-(III), 1,1,4-Tpumerua-(IV), 1, 1-aH- 


MeTHJI-2-u30npomuu-(V)-6yTraqvenbl Hw QuusoKpoTH (VI), mMouyyeHHe KOTO- ~ 
pbx, uckmouyad 1,1,3-TpumerunOyraquen (111), Oblm0 Hamu CHelMasIbHO pas-— 
paOoTaHo; B KavecTBe JHeHOdHJIOB MpHMeHAJIMCb MaJIeHHOBbIM aHTHApuy, — 


aKPHJIOHHTpHJI, MeTHJlaKpHJlaT H KPOTOHOBbIM aJbdervy. (cM. TaOu. 1). 

Jivenpt I, 1V u VI c MasienHOBbIM aHTHApHOM B pa3HbIX YCJIOBHAX (TeMIIe- 
paTypa, BpeMA, pacTBOpHTeJIb H Mp.) LaJiM JMUIb NOJIMMepHbIe MpOAYKTE!, TOL- 
Na Kak 1,1,2-rpumerua-(II) u_ 1,1-qumerua-2-nu30nponus-(V)-OyTaqHeHEt ¢ 
MaJICHHOBbIM aurugpHmom (100°, 15 uac.) c BbIxogom 40 u 70%, cooTBeTcTBeHHO, 
oOpasy1oT al lyKTbl. 

IIpu JaitbHeluiem HCCJIeqOBaHHH OKa3aJl0Cb, YTO NOJIYYeHHbIe COeqHHEHHA 
COOTBETCTBYIOT aMLYKTaM H30MepHOH opMbI HCXOAHBIX JHEHOB, T. e. 


R R ge R co R CO;H 
Yi ly 2 
\ \ XG ¢o CO,H 


R=CH,, CH(CH3), 

TIpuMeHeHve AMeHomUuJOB, MeHee peaKUMOHHOCNOCOOHBIX, 4M MaJICHHOBbIi 
AHTHApUA, TpeOyer Oovlee %eCTKUX TeMIepaTy PHBIX YCJIOBUH (JIA LHU30K poTHia, 
HanpuMmep 230—260°), mpH 3TOM KOHAeHCauuA AHenos I, IV, u VI composoxaerca 
SHAYHTeJIbHBIM OOpas0BaHHeM MOJIMMepoB, H BbIXOAbl MpOAyYKTOB KOHeHCallHn 
COcTaBIAIOT BCero JHWb 15—30%. Takum oOpasoM, HaM yJjaJlocb BBeCTH 
B peakIHio BCe H3yYeHHble HaMH JMenbl (cM. Tad. 1). Crpoenve nowy4eHHbIXx 
aMyKTOB AOKasbiBaJlocb HX JerHApHPpoBaHHeM Hajfl KaTaJIM3aTOPpOM OKHCbIO 
XpOMa Ha OKHCH aJIOMHHHA (pH HasIMuHH TeM-MMeTHJIbHBIX rpynn, eru- 
ApHpoBanve Hal HHM COMpoBOXKMaeTcA JIMUIb TeMeTaHHpoBanHem) usu 20% 
MawiaqWeM Ha yrvie HW MOCJeLYIOUMMM OKHCJICHHEM B V3BeCTHbIe apoMaTHyuecKHe 
KHCJIOTHI. 

{Ip jeruygpupoBaHuu KUCJIOTHI, MosyYeHHOM OMbIIeHHeM alyKTa JMH30- 
KpoTusia VI c MeruJiakpHuiatoM Kak Had CreOs/Al2Os, rak u nag Pd/C u panp- 
HeHIHeM OKHCJIeHHeM pa3OaBJIeHHOM a30THOM KUCOTOH NOL WaBsIeHHeM, ObiJia BbI- 
AeleHa JIMIb U30pTaleBad KUCJIOTAa, a He TepedrasieBas, CooTBercTByiollad 
HOPMaJIbHOMY MIpofyKTy MpHcoeqMHeHHA. Tevenve IpHBeeHHbIX peakILHH MOXKeT 
ObITb TipelcraBseHo Cxemolt: 


| CO,H 
y, rd (a CO,CH, CO,H CO,H g 
_> | SS _—_ _ __ a oeee eel 
\ NN N CO,H 
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TakuM ke o6pa3oM, c mowHOli NpeABaputTesbHOK W30MepH3allHeH Mena, 
|@poreKkatoT konjlencauun 1,1-qumetu6yraquena (I). IIpu oKasaTesb- 
CTBe CTPOCHHA HaM YaslOCcb MOKa3aTb HaJIMuHe OOOMX CTPYKTYPHbIX H3OMePoB, 


| Ee 1 ,3-2uMeTHIOyTaqheny, Cc CoqepxKaHvem MeTa-H30Mepa OKOJIO 
|) — 0. 


¢: CO.H 
CN CN ZA AN CO,H CO H 
> —— | - —_ 
Y Vl (fe \ HO,C 
. ed | CO2H 
7 : SCNia : \CN ate Za : ‘CO,H a 


OueBHAHO, B Mpollecce peaKUMH B MCXOMHbIX HeHaX MpOHCXoUT mepemeute- 
HHe JBOMHbIX CBA3eH NO THITY aJJIWJIbHOrO CUBura c OOpa30BaHHem 1,3-2u3a- 
MelLeHHbIX OyTafvenos. Ha nasiMune Takoro THNa H30MepH3aluH yKa3aJiH He- 
aBuo Anbyep u Ilymaxep B cBoem o630pe (°), KoTopblii NoABHJICA B Mpollecce 
BbIMOJIHCHHA JaHHOH paOoTbl, OLHaKO aBTOPbI COBepUIeHHO OTPHUaloT BO3MOX- 
HOCTb BCTYIJICEHHA TeM-3aMeUeHHbIX JMeHOB B AMeHOBbIN CHHTe3 Oe3 HX Mpel- 
BapHTeJIbHOH HW3oMepH3allnH. Kak HaM yJjaJlOCb yCTaHOBHTb, Ha CaMOM Jee, 
HeEKOTOpble TeM-3aMeLLeHHbie JMeHbI HeNOCpeCTBeEHHO BCTYMaIOT B JMeHOBY1O 
KOHJencallMio, OHaKO Hapsy Cc ayKTaMW HOpMaJIbHOrO CTpOeHHA OOpa3yioT- 
CA IIpOLYKTbI OT H3OMepHbIX (hOpM HCXoOAHOrO AHeHa, YTO CBHJETEILCTBYET O 
YaCTHYHOH H30MepH3allHH JHeHOB B YCJIOBHAX KOHJeHCalHH. 

Tak 1,1,4-TpumetunOytaqven (IV) c MeTHuakpHulaTomM oOpa3yeT cmecb 
H30MePHbIX 3UpoB, Codepxallly10 oKOJIo 60% HopMaJbHOrO aMyKTa, 4TO 6pisI0 
HaHJleHO NO COOTHOMIeHHIO OeH3OHHOK HM TepedTaJieBoH KHCJIOT B MpolyKTax 
iIpeBpallleHuA oO cxeme: 

CO,H 


pr 00a CO,CH, X< out 
( —_S > Vv _ _ 
N 
CO,H 
| y CO,CH; CO,CH, COH 4 CO,H 
\ i S 


| TIpoayktT Kongencauuu 1|,1,2-TpumeTunOyTayuena (II) ¢ mMerTusakpusiaToM 
“qpelctapsaset co6oli cMecb, M0 KpaHHeH Mepe, TpeX aAYKTOB, COOTBETCTBYiO- 
HIMX KaK HOPMaJIbHOli, Tak WH W30MepHBIM (bopMam jMeHa II, Hamw4ve KOTOPBIX 
OblIO YCTAHOBJIeHO CyeLyIOUHM psxJOM MpeBpalileHun: 


y CO,CH; CO,CH; pCO1H CO,H 
( aaa —> ——— —_— 
\ 
Vi CO,CH3 CO,CH, COH CO2H 
f —S _ > od OL 
\ CO.H 
CO,H 
Vj CO,CH; CO,CH3 CO,H coe 
f — ~ [Jy +~fI- 
/N CO,H 
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BuieseHHble Ip STOM OeH30/iHas, o-pTasleBad HW TeMHMeJVIMTOBAA KACOT BI 
B oTHOMeHHH 1:2:5 mpHOmM3HTebHO COOTBETCTBYIOT COJepKAaHHIO HSOMEPHbIX 
3dHpOB B HCXOAHOM CMeCH. 

lIpH okucmeHMH cMecH aJIbqerufoB, NOJyYYeHHbIX pH KOH/eCHCalHH 
1,1,2-rpumernm6yraquena (II) c KpOTOHOBBIM aJIbJerujloM, BUJlaxKHOH OKMCbIO 
cepe6pa Oblsla BbIeeHa B YMCTOM Bue KPHCTaVIMGeCKaA 2,2,3,6-TeTpameTu- 


A’-rerparuqpoensolinaa KucuoTa (20—25% oT cMeCcH KHCJIOT), CTPOCHHe KO-- 


TOpoH OKa3saHO MpeBpalljeHHeM B TPHMEJIJMTOByIO KUHCJIOTY. JlerupupoBa- 
HHeM OCTaBIUelicd CMeCH KHCJIOT C MOcJeqyIOMMM OKMCJIEHHeM H, pa3sjeJIeHveM 
6blia BbIeleHa us0pTaepad, TPHMeJJIMTOBAaA HW MNpeHHTHJIOBAaH KUCJIOTHI 
B IIpHMepHO paBHbIX COOTHOMeHHAX. TakHM 06pa30M, COflep2kaHve HOPMaJIbHOrO 
aYKTa NpHCOeAMHEHUA B CMECH aJIbJerUOB COCTABJIAeT OKOJIO 50%. 


CO,H 


Yi, CHO CHO CO;H CO,4 co,H 
( _ _ —_— aces — 
HO,C 


2 


CO,H 
Z pono CHO CO,H CO,H 
a HO.C CO>H 


Tlopegenue 1,1-qumetu-2-n30nponum6yTaqneHa (V) u3yueHO HaMH Ha 
MpHMepe KOHJeHCaluMH ero C MeTHJIaKPHJIaTOM. 


J 7002s CO,CH, COzH CO.H 
( —S oo — —> 
Y *CO.H 


0O,H 


\ . 
2 \ CQ,H 


IIpu Aeru{pUpoBanH CMeCH KHCJIOT, MOJIYYeHHBIX OMBIJIeHHeM ajllyKTa u 
WaJbHeHIUMM OKHCJIeHHeM ObIJIH BbIJeJIeHbI O-(praJieBad HM TeMUMeJJHTOBaA KHC- 
JOTbI B OTHOWeHHH 1:3, T. €. HB TOM CJly¥ae MPpOMCXOAUT YacTHUHOe OOpa3z0Ba- 
HHe HOPMaJIbHOrO TpofyKTa mNpvcoeqMHeHHA. 

Uckmouenvem w3 3TOrO pala JWeHOB sBJIAeTCH 1,1,3-rpumerun6ytaquer 
(III). Mocnequuii, Kak yxke ObiIo H3BECTHO paHblle, C HeEOOIHOM erKocTHIO 
BCTYMaeT B PeaKI\MiO C pasJIMYHbIMH [MeHopuaMu, OOpasyA HOPMaJIbHbIe alyK- 
TbI C XOPOIIMMM BbIXOJaMH. 

IIpu weruppupopanun cMecH HUTPHJIOB, NOMYYeHHBIX KOHJeHCauMelt 1.1.3- 
TpuMeTHOyTaquena (III) c akpunonurpusiom, Ham Cr2O3/A1,Os3 ¢ MOC Jey IOULUM 
CMBIJIeHHeM H OKHCJICHHeEM TO CXeMe: 


CO,H 
0s ° or : 0 v7 i J pe 
x —_—>— 
a (- HO,C 
7 é : 0. 0. 
CN CN CO,H HOC 


C 
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apsany C TPHMeJIIMTOBOH ObiJla BbILeeHa TPHMe3HHOBad KUCJOTAa, COOTBeT- 
ETBytoula st MeTa-H30Mepy, COfepxaHhe kKoToporo cocTaBsser OKoNO 3—5%. 
Takum o6pasom, ObIs10 ycTaHOBJeHO, To 1,1-nuMeTHGyTaqMeH H AMu30K poTH 
cTylatoT B AMeHOBbIM CHHT€3 TONbKO C MpesBapUTeNbHOH u30Mepu3alleli B 
1,3-,v3aMelleHHble JMeHbI H COBepltieHHo He oOpasyioT HOPMaJIbHbIX alyKTOB: 
onfencamun. 1,1,2-Tpnmerna-, 1,1,4-rpumerua- un 1, 1-nuMerua-2-nu30nponun6y_ 


ae) (oe) oO 
=“ So iw ES S) A a i 
aa Ss = ee) t= S KK 
z S ie Su ~ SH st ~ 
Sh Whi a i ee ee 
aie 
5 ) SERS ico) 19 
FG Heo = Re) ae eS - hes 
e = Op oO on = ees ~ i 
ios} foe 5 [~ &> oe 2 OS Ven) 
= Go) Bee CO - o> O> 00 6 ites) 0 ates 
2 hes 
a 
fe} o « iq ioe) = CO N So A 
= % “Woxida 7 <8) N Ss 9 
8 
a S <! 
N4 Eo o SS N NX lee) Ve) Ve 
jm & iu A 
oa 
i= 
Yo =) (=) S 
Sa aiets anne SpE A Sica aMis 
ay ay N NX N “NI 
ie.) o> Ww 
(=) st SS) eS 
Ss) tf Ct t res 
— “H sw ss SH 
i —i sis ae 
i= = i mal Ven) 
a ead — —_ lor) pies 
Slear en 25 B ue 
= Sipe. coe t~ 0 one (vo) eet sek 
S 
s i 
& % ‘oxida oe at Ve) oO 
< 
Se S sw ie) N Vo) 
ae 
pte) 
Seales = S 2 
SHIA Mak 2 a 
x“ — 1a So N 
2 wD 8 on Je) 
aQ cs Se) Ve) Oo Ze) 
a) it wt SH = Sl 
=, = ct Sal = 
fee as 
& Eee tH ise) =“ SH Ve) 
= BAe Bhai — — = — 
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TajleHbl, Hapay c alllyKTaMM H3OMepHBIX (OPM reMUHaJIbHOTO THeHa OOpasy1or 
TakxKe HOPMaJIbuble MPOMyKTH! AHenoBoro cuntesa. 1 TobKo 1,1,3-Tpumetus- 


6yTaqHen HOPMaJIbHO BCTYIIaeT B peaKkI[H}I0 AYeEHOBOrO CHHTE3a. 
Iloctynusto 


uU ecKOH XHMHH 
HCTHTYT OpraHHudeck 21 XII 1957 


um. H. JI. 3enuuckoro 
Axagemuu Hayk CCCP 
UHMTHPOBAHHAS JIMTEPATYPA 

1G.Dupont,R.Dulou,G.Christen, Bull. Soc. Chim., 820 (1954). 3 H. E u- 
Weses Veale nie ad At, Ark. Kemi, 6, 139 (1953). ° Y.-R. Naves, P.Ardizio 
Helv. Chim. Acta, 31, 2252 (1948). *G.B.Bachmann, Rev e9 ideatet one J. Am. Chem 
Soc., 66, 1513 (1944). © Fortschritte der Chemie Organischer Naturstoffe, Wien, 10, 1953> 
S. 1—118. 
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fJloxnann Arkagemun nayx CCCP 
1958. Tom 120, Ne 1 


XHMH A - 


Axayemuk A. B. TOMUHEB, B. M. TYMEPMAH, wu T. A. PEJOPOBA 


AJIKWJIAPOBAHHE ®EHOJIA AHK30BYTHJIEHOM 
WH TPHH3SOBYTHJIEHOM B TIPHCYTCTBHUHW KATAJIN3ATOPOB, 
COJIEP)KALUX ®TOPHCTbIN BOP 


Kak yxe coo6maocb (!), aIKHIMpoBaHve (eHOJIOB HHSIIMMH OvlecpHHaMH, ||, 


u300YTHJICHOM HM H30aMHJICHOM B MIpHCYTCTBHK KaTaJIM3aTOpOB, COepxKallux PTo- 
pHCTHIM Oop, HeT C GOMbINHM BbIXOJOM. ITO JasIO HAM BO3MO2KHOCTH Mpesnouio- 
XKUTb, UTO TAKHe KaTaJIM3aTOPbl, Kak ITHIB(PUupaT ~Tropucroro Oopa (C,H;),0- BFs, 


HacbILLeHHad (pTOpucTHIM 6opom opTodociopHaax KucoTa H;PO,-BF3 u MoHo- | 


rugpatT cropucroro 6opa H,O-BF3; okaxytca Take AaKTHBHbIMH KaTaJIM3a- 
TOpaMH MpH aJIKWIMpoBaHHH (peHoma un3s00yTHIeHOoM C,H,, uw TpHH3s0byTu- 
JIGHOM Cy2Ho,4. 

Ankusupyrourue yruieBoLopodp WHu300yTHIeH HM TpHH300yTHJeH OplmH ToO- 
JIYYeHHI MOMMMepH3alnel H300yTHIeHa B NPHCyTCTBUM 3THMSpupata TopucToro 
6opa. MeroquKka NowyueHHA Auu300yTHIeHa H TpHH300yTHMeHa H Ux CTpoeHHe 


omyOmuKoBaup (7,2). OCHOBHbI€ KOHCTAHTHI: WIA WHu300yTHeHa T. Kum. 1O0— 


LO, ne 1eAL0S: azo 0.7216, anumuH. Touxa 40; yaa Tpuus06yTuneHa 
T. KAM. 175—180°, anuauu. TouKa 73,5, n% 1,4329, do 0,7216. 
Katamusatopbl — sTH19pupaT dropuctoro Sopa, optodocdopHyto KUuCIOTY, 


HACbILIeCHHYy10 (PTOPHCTLIM OopoM, HM MOHOrHApaT cTopuctoro 6opa — nowyyasH © 
mpolyckaHwem raso0o0pa3Horo dropuctoro Sopa Yepes cepHEI Sup, opTodoc- - 
copHyio KHcoTy HM BOXy. IIpnH B3anmMoyeicTBHH Tra3s000pa3Horo dropucToro | 


6opa C CepHbIM 9PHPoM, opTodoctopHok KHCJOTOH H BOO O6pasyloTcs Moue- 
KYJIAPHbIe COCMMHEHHA 9STHX BemlecTB. Mx nowyuyenne, cbu3HkKo-xuMu4ecKan 
XapakTepHCTHKa WM KaTawuTMYecKoe JelicTBue onMCcaHpI (‘). 

B pale onbiToR W3y4aH BbIXOX akusiaTa (f-TpeT.-okTHAeHoa wv Jo- 
JeUMIPeHouIa) B 3ABACHMOCTH OT IIPHPOAbI KaTaIH3aTOpa, OT ero ONTHMAJIbHOTO 
KOJIMYeCTBa, TeMIIepaTYPbI PeaKIUMH, BPCMeHH BeeHHA PeaKILMH MH OT COOTHO- 
INCHHA pearMpytolulHX KOMIOHEHTOB. 

OnbiITH NpOBOMNCh CeAyioujuM O6pasom. B KpyrmooHHyto Tpexropsly1o 
KOJIOy, CHaO*KeHHYIO MeXAaHHYeCKOH MeWIaIKOH, OOPaTHBIM XOJIOMMJIbHUKOM ¥ 
KalleIbHOH BOPOHKOH, 3arpyKaJM CBexKeMeperHaHHbIi pacnwaBMeHHEi cbexos 
B KosMuecTBe 50 r (0,5 Moms). K cbeHomy NoOaBAIM pasHble KOMM4eCTBa H3y- 
YaeMbIX KaTaJIM3aTopos (cm. Tad. 1). Tlocme sToro BKO4aIM MellankKy Hu M10 
KaliaM mpHOaBAM 30 Tr Quns06yTuena (0,5 Moa Ha Mow cpeHoJa) HIM TpH- 
u300yTHIeHa, IPpHYeM COOTHOINeHHE MeHAJOCcb oT 0,5 Jo | Moma Ha cbeHow. 
IIpu HelpeppiBHOM TepeMelIMBaHHH CMecCH TemMmepaTypy MoOAepxuBanH Mo- 
CTOAHHOH. 

Ilo oKOHYaHHM peakIMH peaKUMOHHY!0 CMeCb NPOMBIBAIM B JeUTeIbHOL 
BOPOHKe ropsveH BOAOM NO HeMTPaMbHOM PeaKUHM Ha KOHTO, BbICYIUMBAIN Hall 
XJIOPHCTHIM KaJIbIMeM HM MOBeprau pasronke B Bakyyme (10 mm ocratTouHoro 
aBJieHus). 

ANKUAuUpoBaHHe (deunona MHU3S0OYTHACHOM 4 
TPHH3SO0OyYTHAeCHOM B NpuHcyTCTBHH 3THNMIPUPAaTA 
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Taodnunart 


Bansauve KovmuyectBa KatasH3aTopa (CH;),0-BFs, TemnepaTypbl H BPeMeHH oMbira 
Ha aJIKHJIHpOBaHHe (eHosa AHH306yTHIeHOM 


B3aTo B peakHIo YcOBHA peakuHH Tlonyyexo npogyKktos, % 
KataaH3atTop 
enon, | aHH306y- on| Bpema, 

: pene: ‘ Temm., °C bam exon aKHNaT ocTaTOK nNoTepH 
r % 

50 30 250 10 50 2 16,2 76,0 9,9 19 

50 30 1,25 sy) 50 2 15 76,9 6,0 2,0 

50 30 UeZo) ty 71 50 2 19 73,6 4,9 2,9 

50 30 0,25 1 70 Z Si 04,6 Hal 3,9 

50 50 0,25 fl 70 3 53 40,6 30 4,0 


m@Topuctroro Oopa (C2H;)2-O-BFs. Peakuua mpoBpoqusacb no onncaH- 
HOH BbIIle MeTOyuKe. B sTOM CepHH OMbITOB MPH aKUMpOBaHHN eHovia 1HH30- 
OYTHJICHOM MeHAJH KOJIMYECTBO KaTaIM3aTOpa, TeMMepaTypy OMbITOB HW BpeMsA 
NpoBeeHuA OMbITOB (Tabs. 1). . 


IIpu amKuupoBaHuu (peHoua TpHu3s06yTH- C 
JIGHOM H3YYaJIH BbIXON aIKHIaTa B 3ABHCHMOCTH 40 
OT KOJIMUeCTBA KaTalu3aTopa, TemMepaTypp, 
BPpeMeHH IIpOBeJeHHA OMbITa HW COOTHOLIeCHHH 120 a 
oslesuHa vu cbeHovia (cm. puc. |1—3s). 

V3 ta6a. | BUHO, 4YTO BHIXO alkusaTa Mo- 100 
BbIMMaeTCA C YBeJIMYCHHeEM KOJIMUECTBA KaTaJIH- a 
3atopa oT | fo 5% Ha cbeHon. YBemnuenne Ko- 80 
JimuecTBa KaTalu3atopa Jo 10% He moBpilaer 
BbIxOJa aikusata. [Ipu noBbilueHHu Temmepary- &0 
Pbl peakiluw, KaK HW BpeMeHH BeeHHA peak- 
WMH, YMeHbINaeTCA BbIXOJ aJIKHaTa. fi 

Kak BHHO M3 pu. 2, BHIXO, aKuJaTa Mo- 
BbIMaeTCA C YBEJIMYCHHEM KOJIMYeCTBA KaTaJIH- y 
s3atopa oT 1 70 5%. OntTuMasibHbIMH YC.IOBHAMH 
BeJeCHHA PeaKIMM aJIKHUJIMPpOBaHHA (eHoa TpHu- ; 
WU300YTHJIEHOM SABJIAIOTCA Culeqyroulwe: Bpemsx 2 40 6) B0% 
ompita 3 uaca, Temmepatypa 70°, KomMueCcTBO Ruixod 

0 

EpasilisaTopa 5/6 )ia PeHon. Puc. |. Bpixoyq anmkuuiaTa B 3a- 


ANKUNMpoBaHHe DACA O73 ay AGH BHCHMOCTH OT TemMepatypbl. Ka- 
H306yTHUMCHOM H TPHH3SO0OYTH-  ganysatopy; a —HsPO, - BFs 
Ae@HOM B IpHCcyTCTBUH OpPTO doc. (10%), 6—H2O-BFs (10%) 
dopuok KUCMOTH, HAaCHIMeHHON 
m@TopuctymM 6opom H;PO,-BF;, uMoHoruApata Prop u- 
cToro 6opa H,O-BF,. Meroquka MpoBeyeHHA OMbITOB He MeHHJIACb. 


Taonnmira 2 


Baunauue KouMuecTBa KaTaJlH3aTopa Hs3PO,4:BF3, TemuepaTypbl H BpemMeHH onbita 
Ha aJIKUJIMpoBanHe (eHovia JHH30OyTHeHOM 


TlomyueHo MposyKToB, % 


B3aATO B peakL{HIO YcsIOBHA peakWHu 
pas eg Rone. Temn., °C | Bpema, Jac] deHou ankusatT ocTaTOK noTepH 
5 30 re) 100 4 38,2 04,9 90 ems 
2 30 f 100 4 38 B48) 4,8 Beil 
50 30 4 50 2 45,0 48,0 4,0 3,0 
20 30 2 50 2 45,1 47,9 44 2,9 
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PesyuibTaThl ITOH CepHH ONbITOB AIA aJIKHJMPOBAHH A ee uu300yTHJICEHOM 
MpHBefeHE! B TAO. 2, TPHM30OYTHICHOM — Ha PHC. lu 3. rath 1008 
V3 ta6n. 2 BULHO, YTO IPH MOBHILMeHHM TeMNepaTypbI peaKUHH OT 50 To F 
KoMuecTBa KaTasu3aTopa OT | Ao 5% WM BPeMeHH OMbITA OT 2 no 4 uac. BbIxXOL 
pemMunBaeTca Ha 5%. 

A THT PORERE (benoa Auu300yTHJICHOM B NpHcyTCTBHH mse > oe 
puctoro Gopa MpOBOXHOCh MpH ONTHMAJIbHBIX YCOBHAX JIA HsPO.- Brs.. 


9at 


Konuvecmg kamasnusamopa 


DoD 0@ 6 8% W% 60 70 8% 9% 180% 

01x00 Garxog 

Puc. 2. Bpixoq askulaTa B 3aBHCHMOCTH Pue. 3. Bpixoy amkusaTa B 3aBHCH- 
oT KoNHYeCTBa KaTasusaTopa (CzHs)20BFs MOCTH OT BpeMenH ombita. KaTamuga- 
(70°, 3 uac.) TOpbl. ad — (CsHs)2-BFs (10%, 70°), 


6—H.O-BFs (20%, 50°), @— 
HsPO4-BFs (10%, 100°) 


Bssato cbenona 50 r, uu306yTueHa 30 r, Temmepatypa onpita 50°, Bpema onbita 
2 vaca; BbIXOA aslKusaTa pu 3TOM paBHAsICA 38% TeopHu. PesybTaTbl aIKHJIM- 
poBaHua cbeHowa TpHH306yTHIeHOM NpHBesenbI Ha pu. | u 3, KOTOpHIe NoKa- 
3bIBAIOT, TO BBbIXOL anKuaata (kaTasM3saTop HsPOs-BF;) mnopsnuaetcs 
C yBeJIMYeHHeM KOJIHUeCTBa KaTamM3aTopa OT 5 Ao 10%, c yBemM4eHHeM BpeMecHH 
onpita c | fo 4 uac. IIpu mpumenenuu KaTamusatopa H,O-BF, Bpixok askusata 
YBeJIMYMBaeTCA MPH MOBLILeEHHH TemMMepatTypbl OT 25 yo 50°, a nmpu 100° 3na- 
YHTeEJIbBHO YMeHbIUAeTCH.' 

UccneqoBauHune ApoORYKTOB AaAKUYAUPOBaHHA. Tlo- 
JYYCHHBIH -TpeT.-OKTHJIeHON Obl MpPOMbIT TopAyeH BOOM Bo HehTpabHou 
peaKUHH Ha KOHTO, MpocylieH HW pa3s0rHaH B BakyyMe pu 10 mM ocTaTouHoro 
apienua. Boivin Mouwyuenbl MacwooOpasHpie HU KpHCTalMuecKHe IIpo- 
WYKTHI. 

Kpuctasiuueckue MpOyYKTbl MHOTOKpaTHO MepeKPHCTAaJIM3OBbIBaIH 3 
9THOBOrO cnupTa HIM H300KTaHA. IlepeKpucTamM3aluA H3 yKCyCHOM KHCJIOTEI 
WM HOPM@JIbHOrO TenTaHa He Jaa xopowMx pesyibTaTosB. Tlocme nepekpucrau- 
JIM3alHM M3 U30aKTaHa OKTHIeHoN MaBusica mpHx 68—70° (remnepatypa nmaB- 
JleHHA YuCTOTO OKTHMeHOMa 73—74°), 

Macuioo6pasxbie MpOLyKTE, MpecTaBsAIOWHe COOTBeTCTBy1OINIMe SUPE 
(beHOJIOB, NOApOOHO He uccMeAOBAaIUCb. 

CBolictBa n-TpeT.-okTudenoma: T. Kun. 100—154°, M = 210,7. na. 68—70°; 
OH (no Llepesurunosy) 5%. 

Tlomyuennpit Doxerundenor, MpoMeITHIt ropsueli Boo Jo HelirpanbHow 
peaKUMM Ha KOHTO, Obl pasorHaH B BakyyMe (5 MM OCTATOUHOTO WaBseHHs). 
Beiu nowyyentt ppakunu 100—150 (kpucranam) u 150—165 (macnoo6pa3uaa). 
Kpuctasimueckad (ppakiMA MepeKPHCTaJIM30BbIBalaCb M3 STHOBOTO CHMPTa. 
Jloneunideno miapusca mpu 62—64°. 
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CgolictBa dpakuul Aoxenumbenona: Ipaxuua T. Kun. 100—155°/5 mM, 


M = 258, T. na. 62—64°, OH (no Lepesnrunosy) 6,1%; II] bpaxuua 155— 
165°/5 mm, M = 262. 


Tlocrynna0 
19° X 1997 


UMTHPOBAHHAA JIMTEPATYPA 


1A. B. Tonunes, B. M. Tymepman, B. H. Anapouos, J. H. 
Kopwyuosa, Her. xo3., Ne 7(1954). * A. B. Tonunes,b. M. Tymepman, 
B. H. Auapouos, JAH, 74, NM 1 (1950). 3A. B. Tonunes, B. M. Ty mep- 
mau,B. H. Angzpouos, JAH, 74, .% 3 (1950). 4A. B. Tomunes, A. M. Ila- 
yuKkuu, O. B. SaBropogauHit, Yen. xum., 21, B. 4 (1952). 
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JLoxaaygp AkKaweMuu Hayk CGGP 
1958. Tom 120, Ne 41 


PH3SHTECKAA XHMHA 


HW. ©. ABJ,PAXMAHOBA 4 4uexn-Koppecnongzent AH CCCP B. B. AEPATHH 


MOBEPXHOCTHAA MPOBOJMMOCTb KBAPLIA B TIPHCYTCTBHH 
AJICOPBHPOBAHHbIX CJIOEB 


Bepeneune. J pohnol coh, o6pa3ylioulMHCsA Mp KOHTAKTe CTeKJ1a C TWeH- 
KaMH TOJMMepa, OObIYHO 3apAKAIOUIMMHCH OTPHUATebHO, YkaSsbiBaeT Ha 
NOHOpHbIe cBOlcTBa aTOMOB ToBepxHocTH. B To xe BpeMA 3apA MBOHHOTO: 
COA OlpeyeAeT MpouHOCTh OOpa3yloluleicA afTe3HOHHOHM CBA3H. OHHM 
HW3 MeTOJOB efO H3yYeHHA MOXKET CYKHTb OlpesesweHHe TeX H3MeHeHHH, 
KOTOPbIe HCMbITHIBaeT NOBEPXHOCTHAA MpOBOAMMOCTb MpH MOKPbITHH MOBepX- 
HOCTH CJIOAMH J[PyYrHX MOJIeKYyJI, HAYHMHAA C MOHOCJO€B H KOHYAaH MOJIMMOJIe- 
KYJIAPHbIMH COAMH. Tak, HallpHMep, MOBbILeHHe MOBepXHOCTHOH 3/IeKTpo- 
IIpOBOXHOCTH MOKET JaTb yKa3saHHe Ha MepexON IICKTPOHOB Ha HOBbIe SHEp- 
reTuuecKHe YPOBHH, Mrpalollluli poOJlb HM MpH OOpasoBaHHH ABOHHOTO CJION. 
(KoHeuHO, Me€XaHH3M MOBBILIeEHHA 2IEKTPOMPOBOAHOCTH MOET ObITh WH VHHOH.) 

TlopepxHocTHad MpOBOMMMOCTb KBaplla HW pa3JIMYHbIX CTeKOJI M3y4a- 
JlaCb B IIPHCyTCTBHH MapoB BOJbI, HO HET HHKAKHX JaHHbIX O BJIMAHHH Ha Hee 
alcopOuunH opranuyeckux coesquHennit. Llexnosuuep (*) B 1929 r., usyuaa mo- 
BEPXHOCTHYIO 3JICEKTPONPOBOAHOCTh KPHCTaJIOB KaMeHHOH COJIH, Halles, uTO 
B TO BPCMA Kak IIPpOBOJMMOCTb B BaKYYMe MPH KOMHATHOH TemMepatType co- 
crapaset 10° 1°Q°?, B npucyTcTBHH MapoB 6eH30u1a OHA NoBbUaeTcA No 10° O?. 

Vccnegopanua H. Unpkopa (?) moKa3aiu, 4YTO MpOBOAMMOCTb Mua- 
CTHHKH cCJOXbl, OOpadoTanHoli HCl, yBemwuuBaeTch B MpHcyTCTBHH nMapoB 
STHJIOBOFO CNUpTa NO CpaBHeHHIO C MPOBOAHMOCTbIO B BAKYYMe. ITH WaHHble KOC- 
BeHHO YKa3bIBal0T Ha TO, YTO aCOPpOWHA NapoB OpraHHyeckHX CoOeMHEHHH om- 
%KHa OKA3bIBaTb BJIMAHHe TaKKe WH Ha NMOBEPXHOCTHY!O MpPOBOAHMOCTS KBaptia. 

Metojguxka. B anno paOoTe u3yyalacb NOBeEpXHOCTHaA BIeKTPOMpo- 
BOAHOCTh KBaplla B Tapax BObI, OeH30a, CCl, H CNHpTOB. 

IIpnOop Aa M3yYeHHA MOBepXHOCTHOK 2eKTpoMpoBoyHocTu (puc. 1) u3- 
roTOBJeH H3 KBapleBoro cTeka. B mpoOupKky / HaMBaeTCA BelecTBO, azcop6- 
WHA mapoB KOTOporo u3yyaeTca. B cpequel uacTH npHOopa yKpenvusetca 
oOpasen 2 B Buse WITaOHKa C IWaTHHOBbIM BBOLOM B IpH6op; 4—oxpaHHoe 
KOJIbuO, 3 — pTYTHOe ynwioTHeHHe. Ha OAMH BBOA B pHOop noxaerca Hanps- 
“OKeHHE, a [pyro BBO COeEMHHEH C CeTKOH SICKTPOMETPHYeCKOH JaMMbl yCuJIH- 
Tema. YCHMTeIb COOpaH mo MocToBoli cxeme (*) Ha 3/IeKTpoMeTpHuecKOl JaM- 
Me H MO3BOAeT H3MePATb HaHMeHbIUNH TOK 10°}° a. 

OOpa3upl B BHAe wWiTaOHKOB JMaMetpom 1—3 MM BBITArHBaJIMCb B TwWaMeHH 
ropeJIKU W3 WHIHHApoB onrHyeckoro KBaplla. [locue MHOroKpaTHOoro Kuns4e- 
HHA B CBEXKHX MOPWMAX JMCTHJJIMPOBAHHOH BOJb Ha OOPasi{bl HAaHOCHJINCh. 
3JEKTPOMbI BAKUTAHHEM M3 CepeOpAHOH MacTbI. Tako MeTOX HaHeCeHHA 21IeKTPO- 
OB OblJI puMeHen paHee I. HW. Cxanasn (*) u M. C. Acuanosoit (°), onpiret 
KOTOPBIX NOKa3aJIH, YTO CepeOpAHBIe BICKTPOLbI, MOJIYYeHHbIe BXKHTAHHeM MacrTHl, 
oOecneuHBatoT NpPOUHbIli KONTAKT HM WalOT HaMOoulee CTaOWJbHBIE pe3syJbTATHI. 

Ilepeq u3smepennsimu mpuOop oTKayMBaJICd JBYXCTyNeHuaTEIM (pakMonH- 
PY!OW,MM HacocoM, paOoTatolluM Ha Mace «oKTOM 5». JlaBeHHe u3Meps- 
J0Cb MaHometpom Max-Jleoga. Uro6nt u36exaTb nonawqaHuaA mapoB macaa, 
JIOByllKa, PacMOJIoKeHHaA HEMOCpeACTBeHHO Mepey MpHOopom, onycKaacb B 
MblOap C XKHKHM a30TOM, H %KHAKOCTb B 1poOupKe / 3amMopaxuBasacb. TMocne 
TOrO Kak HaBJleHHe B MpHOope Nagao no 10°° mM pr. cr., OH OTNaMBasIcA OT 
BaKYYMHOHM YyCTaHOBKH. 
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- Pa3MuHble JaBJIeHHA NapoB Nowyyuann, 3aapan pasHOCTb,TemnepaTyp MexkLy 
Opasiom 2, TepMocTaTHpoBaBLIMMCA MpH MocToAHHOM Temmepatype T,, H %u- 

cTbIO B mpoOupke /. 3ajaBaa pasiMunbe Temnepatyppl T B npoOupKe c 2%xKHI- 
KOCTbIO, H3MeCHAJIM aBJleHHe NapoB B MmpHOope, Tor- 
Aa kak JaBJIeHHe HaCbIlalOulNX NapoB BOH3H MOBepx— 
HOCTH OOpaslla OCTaBaJIOCb NOCTOAHHBIM. 


15, 20 25 mun. 


2 
¢=20° 


ao tf 


Ps 


20 40 «60 80 mun. D 10 2 3G 40 50 mun. 
hy, 
ee 1. [IpwH6op ana usyye- Puc. 2. Kunetuka noBepxHocTHoli 31eKTpOMpOBOAHOCTH KBaplla 
4A MOBEPXHOCTHOH SeKTpO- MPH ajcop6unn; a — Bosbl, 6 —aTHNOBOrTO, @ — OyTHIOBOrO, 
HpOBOAHOCTH B Bakyyme 2@— TeKCHJIOBOrO CnupTOB 


— 
TaKWM 06pa30M, MOKHO 3aaTb J1060€ OTHOCHTeIbHOe JaBsenne p/p,, rile 
D HW Ps (MaBJIeHHA HaCHIMalOUNX MapOB COOTBETCTBEHHO MIpH Temnepatypax 7 
i 7,) BHIMHCAAIMCh U3 TaOMMUHBIX JaHHbIX MO OObIUHOM MHTepMoANHOHHOH 


opmyne lg p= A+ a rye A u B —nocTosHHpe. 
| O6pasey 2 TepMoctaTupoBajicA MpomyckaHHem yepe3 pyOauiky 6 BOLD u3 


fepmoctata mpu Temmeparype 7,. [po6upKa c u3y4aemolt XKHAKOCTHIO Momeuta- 
acb B pyro Tepmocrat 5, B KOTOpoM TemmepaTypa 7 u3MeHsAsacb. 

| Temnepatyppl 7 u 7, u3MepssIHCb C MOMOUWLbIO TepMomeTpoB Bexmaxa Cc wWe- 
ree nenenusx 0,01°. Jina BpiacHeHHA TOrO, HACKOJIbKO Pa3HOCTb TemMeparyp,. 
TCUHTHIBAeMad TIO TepMoMeTpaM BekMaHa, COOTBeTCTBYeT eHCTBHTebHOH 
)asHOCTH MexAy TemnMepaTypoli oOpasia H TemMepaTypou XuKOCTH B MpoOup- 
mi ObLIa MpOMsBeeHa NpoBepKa C MOMOLIbIO LupepeHMaJIbHOH ‘tepmMonappi, 


MH Cia KOTOPOH Nomeulasica Ha MeCTO OOpasila, apyrou —BipoOupxy. Tou- 
OCTbh H3MepeHHA pasHocTu Temnepatyp Opiia 0,01". PasHocTu Temnepatyp, or- 
PUHTbIBAeMBIC 110 TepMOMeTpaM H H3MepxAemble TepMoMapou, OTMMUAaIHCh He 
Soutee, yem Ha 0,01°. i 

| Ksapuespiii npHOop JIA U3MepeHHA NMOBePXHOCTHOH 9eKTPONpOBOHOCTH 
Hepel ONbITOM MpOMbIBaJICH XPOMOBOH CMeCbIO, 3aTeM B TedeHHe 5—6 uacop 
pOpaOaTbiBaica B ropayem mape. Kpapiesbli oOpasell mpokasuBalicaA 20 
Seoro KasieHuad. Jia CpaBHeHHA HeCKOJbKO OOpa3loB ObIIM O¥HUIe- 
HbI OOPaGOTKON B TJIEIOULeM paspxAe NO MeTOLY, paspaooTanHomy B JaOopaTopHH 
OBePXHOCTHBIX ABJeHHH Mucrutyta pusnueckolt xamuu AH CCCP B. B. Ka- 
aceBbim (°). 

Pe3syabtTaTH usmMepeHHit. Kak Aaa oOpasuos, oOpaboTaHHEIx 
TMeIOUIEM paspAe, Tak HU AA KBaplla, OUMULCHHOTO NpOKaMBaHHeM, MOBepx- 
OCTHAA MPOBOMMOCTb B BaKYYMe€ OKa3aslaCb HHXKe UYBCTBUTCIbHOCTH MeTO- 
UKH, T. e. Obwia MeHbue, yem 107%? Qr?. 
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B Hauane Kaxkoro OMbiTa M3Mepasacb MOBePXHOCTHAA MpOBOAUMOCTE 0O- jj 
pa3ila ipa Temmepatype 7, pH 3aMOpO2XXeHHOM BellecTBe, T. €. NP p/ps = 0. 


B cayyae oOpa3ioB M3 ONTHYeCKOrO KBaplla HMOBepXHOCTHaH MpOBOXMMOCTb 


seerla menpute 10°27Q7!. Sarem BemecTBo pasMopa2KMBasloch u mpoOupKa J 


onycKaJlacb B TEPMO- 


# 6 ctat 5. IIpu 9TOM pA , 


: NOCTOAHHOM = OTHOCH- 
t 25° 4 t= T@JIbHOM JaBueHuH p/ps 
NOBepXHOCTHAA MIpOBo- 

83 
© JMMOCTb BHaYase ObIC- 
Re 
if 


x19" —~ 
SO KHH® SR 


Tpo BospactaeT, AOCTH- 

raeT MaKCHMyMa, 3aTeM 

ps mocTeneHHO MayaeT u0 

0 8 0 0 7 Y), 60 9 60  wctexenuu 10—20 muH. 
8 Ps IIpPHHHMaeT HeEH3MeHHOe 


xe. 0° —— 
MS WH DBD @ 


Bble NOUYYaIHCb AIA 
BCe€X H3YYCHHBIX BEC- 


IeCTB,KpoMe OeHsov1a Hi |, 
90 36 97 98 39 100 40 50 60 70 80 90109 ~~ wety1pexxmopucroro yr- 


Ps Jlepofla, lake HaCbIileH- 
‘Puc. 3. WM30Tepmbl NOBepXHOCTHOH SJIEKTPOMPOBOAHOCTH KBap- 
da mpH acopounn; a — Bobi, 6 — 6yTHoBoro, 6 — reKCH- HSMCHsiJ1H MIOBEp XHO- 
JIOBOTO, 2—OKTHJIOBOrO CHHPTOB CTHOH IMpOBOXHMOCTH 
KBaplla (C TOUHOCTHIO 

LO; Ma@eb)c 
AHasIOrMdHad KMHETHKAa MPOBOAMMOCTH aCOpOMHOHHBIX CJI0OeB BOAbI HaOvI0O- 
Janacb B (°). ABTOppl OOBACHAIOT 9TH MAKCHMYyMbI TepexOOM TMepBOHadaJIbHO 
amopuHoro cCuIOA aflcopOupoBaHHOH BOJbI B KPHCTaslIMYeCKOe COCTOAHHE. 
Ha puc. 2 mpefcTapexnl 


T a Ooh et 
KHHeETHYeCKHE KPHBbIe WIA BO- peek et 


Ibl, STHIOBOTO, OyTHJIOBOrTO HU Aycop6upoBaHHoe Q-1 Q> 

: Ha KBaplle BeLecTBO *p|Ds=0, *plps=i, 

FekCHOBoro cnupToB. Ha6but0- BASEEN 

WaeMble 3€Cb MaKCHMYMBI T0- 

JyW4aloTcA TOJIbKO MPH CHATHH 

a es P Bona <1-1037 | A4-10-0 
PBOW TOUKH. HSOTEPMBI NO-  Srynopet cnupt <1-10-17 ~5- 10712 

BeEPXHOCTHOH 93JICEKTPOMPOBOA- Byruaoppiit cnupt elu ee? ~5-10-14 

HOCTH B JaHHOM olipite, T. e. lekcusospt cnupr 1. 40ee mAs 

o == (<3 — 
KOra Ha MOBepXHOCTM KBaplla rene anetantia SC ee hearse 
: : Pali 

HeT acCOpOHpoOBaHHbIX MOJeKYJI Ueripex xsopucranit 

M3yuaeMoro BelecTBa. yruiepoy <1-10-17 ot 
Ha puc. 3 mpenctapnenp Bexsoa SAMA ORY <1-10-17 


H30TeEPMBI IOBepXHOCTHOH 3IeK- 
TPOMPOBORHOCTH JIA BOAbI, OYTHMOBOTO, TEKCHOBOTO HM OKTHJIOBOTO CHUPTOB. 
Jina u3Mepenuii NcMOMb38OBaacb BOMa, ABYKPaTHO MeperHanHad B KBap- 
WeBOM alllapaTe. Ocrambubie mpenapatol Opiu dpupMpr KambOaym u Wa o6e3- 
BOXKUBAHHA Tepe ONbITOM KHNATHJIHCb B BAKYYMe€ CO CTpyXKaMH MeTaIn- 
YeCKOrO KaJIbllMA B MpHOope JIA H3MepeHHA MOBePXHOCTHOM MpoBosumoctTH. 
B ta6n. 1 mpupexenbt 3HayeHHaA MOBeDxXHOCTHOM NpoBOAUMOCTH KBaplla IpH 
OTCYTCTBHH alcopOuMn MW MPH HaCbIilieHHH MapaMM pa3vIMUHbIX BeUlecTB. 
OOcyxMenuue pesyabtTartos. [osepxuoctnaa IIPOBOJMMOCTB 
ONTHYCCKOTO KBaplla H3MepsAMaCb B Mapax BOMbI, GeH3O0/a, YeTHIPEXXJIOPHCTOTO 
yrepoqa, STHIOBOrO, OyTHMOBOrO, TeKCHOBOTO, TenTHOBOTO, OKTHMOBOrO 
ciupToB. [lotyuennpre H30TEPMBI MOKAa3bIBaIOT, YTO B MHTePBase OTHOCHTEJIBHBIX 


AapienHi 0,8—l ja cnMpToB NMOBepXHOCTHaA MpoOBOAMMOCTb MeHSeTCA B- 


2—3 pa3a; TOMbKO JIA STHAOBOTO CIMPTa 3TOT pocT sHauHTeNbHO Gombe 
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Q 3HaUeHHe, COOTBETCTBY- }; 

aa roujee JaHHomy p/p;.Ta- } 

SE) KHe KHHeETHYeECKHE KPH- 
&2 
J 


HbI€ Mapbl KOTOPbIX He |, 


}f HsoTepMa M0 BUY MOxo%Ka Ha H30TEPMY NOBEPXHOCTHOH MpOBOAMMOCTH BOII. 
}{lua OeH307a uM YeTbIPexxuOpucToro yruepoya NoBepxHocTHaa TIpOBOJMUMOCTb 
}TcyTcTBoBala B Mpeqetax uYBCTBHTeIbHOcTH MeToga (10°47Q7) paxe mpu 
HAaCbIMLCHHM UM MepecbilleHHU, XOTH, Kak MOKa3aHO B paoore B. B. Jleparuua 
3. M. 3opuna (°,"), Qua STHX BelllecTB BOH3M HacbIeHHA TOMULMHA ajicop6- 
IMMOHHOTO COA MOCTHTaeT 3HaveHHH, Jaxe O6bUINX, 4eM JIA UCCMeEMOBAHHBIX 
OJIAPHBIX BCLLeCTB. 

CpaBHeHne pocta MoBepxXHOCTHOM a1eKTPOMPOBOMHOCTH H3Y4eHHEIX BeLeCTB 
| POCTOM TOJUMHBI WI€HOK, OOpasyeMbIX HMM MpH adcopOmuu, oOHapyxuBaeT 
OJIMYECTBCHHOC HECOOTBETCTBHE: B OHOM HM TOM 3Ke HHTepBale H3MCHCHHA OT- 
HOCHTCIbDHBIX JaBJICHHH TOJIMMHa MICHKH pacTeT ObIcTpee, vem MpOBOLMMOCTD. 

BropbiM pe3yJIbTaTOM paOoTEl ABUAeTCA OOHApPy2KeHHaA KHMHETHKA MOBepx- 
OCTHOH IPpOBOAMMOCTH MSYYeHHBIX BEMeCTB pH alcopOuuu Ha uMcTOH noBepx- 
ocTH onTuHyeckoro KBapia. Ilo-BH,HMOMY, B Hav¥aJIbHbIe MOMCHTBI Ha M0- 
BEPXHOCTH KBaplla OOpasyeTCA HePaBHOBECHbI aCOpOMMOHHEI col, Moue- 
ybl KOTOPOTO, BO-MepBbIX, He OOsaaiwoT PaBHOBeCHOM OpHeHTalMel Hu, BO- 
SBTOPbIX, 3AHMMAIOT MECTa He OOASATEMbHO C MAKCHMAJIbHOM 9HEprue aycopo- 
HM (BCIeACTBHE HEOLHOPOAHOCTH NOBEPXHOCTH), YeEMY COOTBETCTBYeT MOBBILIeH- 
ad MOBepXHOCTHadA MpoBoyumocTh. Beek 3a STHM HauMHaeTCA OpMeHTalluA 
TCOpOMpOBaHHbIX MOJIeKYJI H UX Mepexoy Ha MecTa C OosbuleH sHeprHel az- 
‘op6unn. 
IIpomecc opHeHTallMuH paciipocTpaHsetcaA OT HH2KHHX CIOCB K BePXHHM, B 
(pe3yJIbTaTe “ero OOpa3syeTcaA aCOpOHpOBaHHbI COM C MpoyHO aXcop6upoBaxH- 
jHbIMH MOJI€KYJaMH M C YNOpAAOYeHHOH CTPyYKTYPOH, KOTOPbIM OONalaeT MOcTO- 
jAHHOH, 3HAUHTeJIbHO MECHbIUeCH MpOBOAMMOCTbIO, COOTBETCTBYIOWIeEH JaHHOMYy 
HOTHOCHTeCJIBHOMY JaBeHHIO. [IpH CHATHH CieAyIOUlNX TOUeK H3OTEPMbI MOBepx- 
/HOCTHOM S/IeKTPOMPOBOAHOCTH, BHOBb MOcTyMaloulHe MOveKysbI M60 ancopOu- 
PYyIOTCH Ha BAKAHTHBIX M€CTAX, C KOTOPbIX y2Ke He MOTYT MepexOMHTb Ha Apyrue 
c HHM3IUMMM 9HepreTH¥eCKHMHM YPOBHAMH, MOCKOJIbKY OHH 3aHsATHI, HOO OpHeH- 
‘THPYIOTCA Y2Ke HMEIOWIMMCA YNOPATOUeHHbIM CJIOeM, HM MOBEPXHOCTHAaA MpOBOAH- 
MOCTb JOCTHFaeT COOTBETCTBYIONLErO HOBOMY OTHOCHTEIbHOMY JaBJIeHHIO 3Haye- 
HHA Ooee 6bICTpO H He OOHAPy2KHBaA pe3KO MOBBIWICHHbIX B Ha4¥aJIbHble 
MOMEHTHI BPeMeHH 3HayeHHH. 

TlouryueHHble Pesy/IbTAaTbI HE MOSBOAIOT elle CKa3aTb C YBEPCHHOCTHIO, Ka- 

KOH M€XaHH3M MOBepXHOCTHOM MpOBOAMMOCTH MpHBOAUTCA B AeucTBHe aycop- 
6UPOBaHHBIMH CJIOAMH MOJIEKYJI — 2/ICEKTPOHHbI WIM HOHHBIM. 


Jla6opaTopus TOBePXHOCTHBIX SABJICHHH Dae 
Vuctutyra dusnuecKoH XHMHH ! 1958 
Akajemun nayk CCCP 
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Jloxnagp AkaylemMun Hayk CCCP 
1958. Tom 120, Ni 4 


PHB8HYECKAA XHMHA 


ll. WH. APTIOXHH, A. J. TEJIBMAH u B. H. MEJIBEJOBCKHA 


HiCCJIEMOBAHHE OKMCJIMTEJIbHO-BOCCTAHOBMTEJIBHBIX 
NOTEHUMAJIOB NJIYTOHHA B ASOTHOH KUCJIOTE 


(IIpedcmaeaeno axademuxom H. H. Yepnaeeom 24 XII 1957) 


B muTepatype uMeloTCA JaHHbIe MO 3HavYeHHAM (POpMAaJIbHBIX nNOTeHUMAJIOB 
PagIMYHEIX Map MWIYTOHHA B XJIOPHOKHCJIbIX H COJAHOKHCIBIX pacTBopax (* °). 
Jlanuple 2Ke lo 3Ha¥eHHAM (POPMAJIbHBIX MOTEHUMAJOB B A30THOKHCIIBIX pactBo- 
paX Kpalive MaJIOWMCIeHHbI HM HMeIOT MaJIO JocTOBepHBIH xapaKkTep (°,” °). 

He ucceloBaHbl Tak»Ke MpOWeccbl CaMOOKHCJICHHA H 

Ta6uuua 1 CamMoBOcCTaHOBJeHHA MWIYTOHHA B pacTBOpaX a30THOH 

KUCJIOTEI . 

as orsn trek Hamu OblIH onpeyerteHb! (OpMaJIbHbIe OKHCJIHTeJIbHO- 

Pu (IV) —Pu (III) BOCCTAHOBUTe/IbHbIe MOTEHUMAJIbI PasJIMHbIX Map MWyTOHHA 

B pacTBOpax asoTHOH B PaCTBOPaX a3O0THOM KHCJIOTHI PasJIHYHOM KOHIeHTpalluH, a 

dain TakxKe HCcleqOBaHO jucmponopuHoHHpoBaHHe Pu (IV) B 
A30THOKHCJIBIX PacTBOpaXx. 

fis HNO, | Honenn Vismepenne noTestvasos nappr Pu(IV)—Pu(III) mpo- 

al H3BOMMO0Cb Ha YCTaHOBKe, aHaJIOTHYHOH OMMCaHHOH pa- 

Hee (1°), npw 25° B aTmocdepe a30Ta, TULaTeIbHO OUHILeH- 


We on Horo oT Kucaopogxa. Pu (III) nonyuasnesa BoccraHoBsenHeM 

1°00 914 Pu (IV) na niaTHHHpoBaHHOM [vIlaTHHOBOM KaToyze. Kou- 

nentpauHnH Pu (IV) u Pu (III) usmepamucb cnexTpodorto- 
MeTPHUeECKH. 


VismepeHve OKHCJIMT@IbHO-BOCCTaHOBHTeJIbHBIX MOTeHWMaOB MpoH3BOH- 
JIOCb BO BCeM J[Malla30He COOTHOWIeCHHH KOHUWeHTpauHu Pu (IV) u Pu (III). To 
NOJYYeCHHbIM JaHHbIM rpadHyecKHM MlyTeM ObWIM ONpeeeHbI 3HayeHHA (bop- 
MA@JIbHBIX TIOTCHUHAJIOB, NPHBeeHHHIe B Tabs. |. 

IlonbITKH HenocpeACTBeEHHOTO oOMpekeseHHA MOTeHWMaOB Mapp Pu (VI)— 
Pu (I[V) ne yBenyanuch ycnexom. TlomyyeHHple 3HayeHHA exKaT B HHTepBase 
1010—1040 mB uM Majo 3aBHCAT OT H3Me€HCHHA COOTHOWEeHUA KOHWeHTPalluit 
Pu (VI) w Pu (IV). [Ina onpejenenusa snauenuii dopMabHBIX NOTeHWHaJIOB 
mapbt Pu (VI)—Pu (IV) mbt ucnoup3oBamH AucnponopuuMoHHpoBanne Pu (IV) 
MpH HH3KHX KOHIeEHTpauMAX a3s0THOH KucOTH: 0,40; 0,30; 0,20 nu 0,10 N. 

J.ucnponopunonupopanue Pu \iV) npopogusoch npn 25°; KoHueHTpaunn 
Pu (IV), Pu (III) u Pu (VI), kak n B nepsom cayyae, OMpeleAHCb CiHeKTPO- 
(boromerpuyuecku. Tlocae QOcTHxKeHHA PaBHOBeECHA MpoOUsBOANMOCH u3MepeHHe 
OKUHCJIMTCJIbHO-BOCCTAHOBHTeIbHOrO MOTeHUHavia. 

Ilo W3MepeHHbIM 3HaveHHSM OKHCJIMTCbHO-BOCCTA@HOBUTEIbHBIX MOTeHILMA- 
OB B PaBHOBeCCHBIX COCTOAHHAX MW 3HAYCHHAM PABHOBECHbIX KOHIMeCHTpalluit 
HaMM OblIM paccunTaHb! hopMadbHbIe NOTeHIMaIbI Jaa map: Pu (1V)—Pu(II1), 
Pu (VI)—Pu(IV) u Pu (VI)—Pu (II), npusegennpie B tan. 2. 

13 Ta61. 2 BuO, YTO 3HaueHHA (OPMaAbHBIX NOTeHIWMAIOB map: Pu (VI)— 
Pu (IV), Pu (VI)—Pu (III) — cumbHo yBennunpaiotes c pOCTOM KOHILeHTpa- 
MH HOHOB BOJoposa. PacueT NokasblBaeT, YTO NOTeEHUMANbI STHX Nap 3aBHCAT 
OT KOHWeHTpalluw H* B uetBepTo crenenu. CreqoBaTenbHb, Ha 2TeKTpoe IIpo- 
TeKaloT peakIHH: 

PuO?" + 4H” + 2e— Put + 2H,0, (1) 
Pu?’ + 4H” + 3e-— Pu?’ +. 2H,0. (2) 


Tlonbsyacb S9THMHM ypaBHeHHsMH, MBI paccunTamH (PopMaJIbHbIe NOTeEHIMaVIbI 
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ip: Pu (VI)—Pu (IV) uw Pu (VI)—Pu (III) 8 1 N HNO, ¢ yuerom KommeKco- 
)pasopanna (**,*°), Koroppie oKasasmcb coorBercrBenHo 1054 nu 1006 up. 

| Ta6Ounna 2 
PopMaIbHbe NOTEHMMAILI MIyYTOHYA B pacTBOpax as0THOH KHCNOTHI 


Ilorenuuas bl B MB 


Kou. 
HNO,, NV Pe 
Pu (IV) — Pu (III) | Pu (VI) — Pu (IV) | Pu (VI) — Pu (J) 
0,40 927 993 972 
0,30 930 973 964 
0,20 939 949 946 
0,40 952 925 934 


TlouyuenHoe panee XHHAMCHOM 3HaueHNe tbopMasIbHOrO HOTeHWMaa Napl 
u (VI)—Pu (IV) 8 1 N HNO, (1110 ms), no Hamwemy MHeHHIO, ABAAeTCA 3a- 
on TaK KaK OHO He CorvlacyeTca C JaHHbIMH JIA xsopHo (1043 mp) u 


puaHOH (1053 MB) KucuoT (4), a Tak2Ke C aHHbIMH NO KOMMIeKCOOOpas0BaHHIo 
(IV) B a30THOH KuCHOTE. 

Suauenue (opMadbHOrO HoTeHItHana Mappr Pu (1V)—Pu (III), nomyuennoe 
amu B 1 N HNO, (914 ms), xopowio copmafaeT co 3HaveHHeM, NOJyYeHHEIM 
HHyIMeHOoM (916 ms). 

UIpu qucnponopuHounpopanun Pu (1V) Bp 0,10 N HNO, B paBHoBecHom co- 
POAHHH HaGsIOWaeTCA 3aHWxKeHHOe 3HaYeHHe CYMMbI KOHWeHTpanuh Pu (IV), 
u (III) uw Pu (VI) no cpapyennio c ucxogHO KoHnWeHTpamuel Pu (IV). Pas- 
OCTb M@KILY UCXOAHOM KOHMeHTpallMelt MIyTOHHUA HM CYMMOM KOHUWeHTpaluit 
u (IV), Pu (II) u Pu (VI) met mpunaan 3a KOHMeHTpallui0 NATHBaIeHTHOrO 
uu paccunTaM PopMaJIbHBIM NoTeHWMas Nappi Pu(VI)—Pu(V) 80,10 VN HNO. 
loulyyeHHoe 3HayeHHe, paBHoe 917 mB, coBnaflaeT C HeMocpeCTBEHHO H3MepeH- 
bIM HAMM N032Hee 3Hayenuem 920 MB. J[pyrux JaHHbIX MO HeMOCpescCTBeHHOMY 
3MepeHHIO NoTenuvasa nappr Pu (VI)—Pu (V) B a30THOH kKuCuOTe B JIMTepa- 
ype He umeetca. CopmayeHve NOTeHUMaJIOB NOMTBepxKaeT Halle mpesnoloxKe- 
Me O IIPpHcyTCTBHM B paCTBOpe NATHBAJIeHTHOTO IWJIYTOHHA. 

McxoJa 43 H3JI0%KCHHOFO MOXKHO MIPeWIOMKHUTH culelyloulwe CXeMbI POpMaiJIb- 
BIX MOTeHIMasIOB MJIyTOHHA B pacTBOpaX a30THOH KHCJIOTHI: 


4N HNOs, ¢ = 29° 


Panui ee 08,8 5,, (Va OAS ON yi) 
1006 
0,1N HNOs, ¢ = 25° 
925 
917 
Pail) MUMmMehe Bethy Ty) Pu (v) 2!” Pu wn 
934 


Kak yKa3bIBaJl0cb, JI Ope eJIeHHA MNOTEHIMAaJIOB UCCJIEKOBaIOCb LMCTIpo- 
opunoHMpoBanve Pu (IV) B as0THOH KUCcuJOTE. M3menenve KOHUeHTpalHit 
u (III), Pu(IV) u Pu(VI) Bo Bpemenn B 0,40 N HNOs noxa3ano na puc. |. 

Tlomyyuenupie WanHble Mo TBep*AaloT, YTO AMCIpONOpiUMoHHpoBanne Pu (IV) 
XOUCXOJMT MO CYMMapHOMYy YyPpaBHeHHto, pe JIOx%K CHHOMY Kama u IWenatinom 
213) JIA COMAHOM WM XJIOPHOM KUCJIOT 


3Pu (IV) = 2Pu (IIL) + Pu (VI), (3) 
)TOPOE B HOHHOM (popMe MOxKeT 6bITb HamMcaHoO cule AyIOuluM OOpasom: 
3Pytt + 2H,O = 2Pu* + PuO;’ + 4H". (4); 
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Omuako cjlelyeT OTMETHTb, YTO B a3OTHOM KMCIOTe KOHCTaHTa PaBHO=), 

pecus Jia peakwun (3) OOpaTHO MpOMOplWoHabHa KOHIeHTpallM HO 

HOB BOOpoda B cTeneHH 5,3 BMeCT 

&s : +\- 4] 

0 ooKulaemoli 3aBucumMocTH K~[H*) *. 

Jlerko MoKa3aTb,4TO WaHHOe OTKIOHE- 

He MOJIHOCThIO NGYCJIOB/IEHO OOpaso- 

BaHH€M HHTPaTHbIX KOMIIJICKCOB 
Pu (IV). 

B panee onyOJIMKOBaHHbIX pado- 
tax (12,18) 6pi0 MOKa3aHO, 4TO HC- 
nponopuMonnpoBanue Pu (IV) B co-j\ 
72 AAHOH HM XOpHOM KUCMOTaX MpoTe4f 
KaeT B Be CTaluv MO ypaBHeHHAM: © 


25. | 80. oo AO OD SE) ae Pu (IV) +Pu (IV) = Pu(V)+Pu (IID)]. 


(5) 


Puc. 1. J{ucnponopunonupopanne Pu(IV) B (a 
0,40 N HNOs. O6mlaad KonUeHTpal\uaA NTYTOHHA = Py (V) +Pu (IV) 2 Pu (IIT) -+ Pu (VI) y 
7,7:10-2 M. 1 — Pu GUVs 2 — Pi ae, (6) 

' 3 — Pu (VI) ) 


Bonpoc 0 MexaHu¥3me ucnporopyMoHHpoBanusa Pu (IV) B asorHol KucJOTe 
B MTepatype He paccmaTpuBasica. Hamu Opis MpoBeweH PacueT KOHCTAHTEI CKO-|’ 
pocTH MIpAMOH peaKUMM JUCMpOMOpyHOHHpOBaHuA NO ypaBHeHHtO 


__d[Pu(IV)] k, {Pu (III)]2 [Pu (VI)] 


Ap ee [Pu (IV) (7) 


BbIBECHHOMY H3 ypaBHeHult (5) u (6) 
HUCXOAA H3 MpenoO*KeHuA, UTO pe- 
akllMa (5) ABIAeTCA JMMUTUpyrollen, 
a peakuua (6), compoBpoxaroulaica 
OJHO3ICEKTPOHHBIM MepeXOJOM, ObICT- 


Ta6mauna 3 


KOHCTaHTbI PaBHOBeCHA MIpH AUCMPpOMOpmHOHH- | 
poBauuu Pu (IV) B pactBopax asoTHo KucioTH 


po mpHxo,uT B paBHoBecne. Brrync- — Kouttentpanna Pgh sa ee 
JIGHHas KOHCTAHTAa CKOPOCTH peakIHH : ACA K 
OKa3aslacb MOCTOAHHOH IA pagiuy- 0,40 7,7 5,66-10-3 
HbIX CTaQul Mpomecca, MOSTOMY MOXK- 0,30 7,6 5,01-40-2 
HO YTBep2kaTb, YTO HU B ASOTHOH KUC- 0,20 3,04 4,99-107! 
JoTe AucnponopunoHUpoBanHe Pu(IV) 0,10 2,25 7,94 


poTekaeT mo ypaBHeHuam (5) u (6). 

Oquako, HeCMOTpA Ha HasIMuNe KOMIeKCcooOpasoBanua Pu (IV), nomyuex- 
Hbl€ HAMH 3HaYeHHA KOHCTAaHTbI CKOpOCTH JMcnponopuMonnpopanua Pu (LV) 
B a30THOM KHC/IOTe Take Ke, KAK UB XJOPHOM. ITO NOSBOMAeT NPeANOIORUTH, 
4TO B peakWMH yUaCcTBYIOT He TObKO HOHHI Pu**, Ho TakxKe MW KOMMIeKCHBIE 


uonnt Pu (IV), mpuyem nociequHe o6ulazaioT Gomee BEICOKOTI peakIUHOHHOH cno- 
COOHOCTbW. 


VMucrutyt (busuveckoit xumun 
Akajlemnu HayK CCCP 


Tloctynuo 
24 XII 1957 q 
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PHSHYIECKAA XHMH ff 


r. C. BOSABMOKEHCKHH, TL. A. FOPBAUYK u I. M1. AE3SHEPbEB 


BONIPOCY O MEXAHM3ME JJIEKTPOJIUTHYUECKOM NOJIMPOBKH 
ETAJIWJIOB H CTPYKTYPE 3JIEKTPONOJIMUPOBAHHOM MOBEPXHOCTH 


(ITpedcmaeaexo axademuxom A. H. Ppymxunoim 2 I 1958) 


B nmocjeqHee BpemMa HaCTOMYMBO BbIABHTaeTCA MpekcTaBsenue, TO Mporecc 
EKTPOJIMTHYECKOH NOJMPOBKH MeTaJJIOB MpoTeKaeT B Be cTaquu, Cc pasMy- 
}LImu Mexanvsmamu (*). B nepsoit, noxqroToBuTeibHol cTaquu, pH OTHOCHTeNIb- 
i) HeOOIbIUHX MOMAPH3alUAX, HMeeT MeCTO CTPyKTYpHOe TpaBseHHe NoBepx- 
ICTH OOPaslla HM MpeMMyLlecTBeHHOe PacTBOpeHHe HaHvOouee BHICTYMAIOUIUNX ee 
§HaCTKOB C OOpa3s0BaHHeM YeTKO BbIpaxKeHHbIX (buryp pacTBopenua. Bo Bropon, 
PlUaIOWeH CTaqMH, MPH OO/IbIUAMX NOJAPM3alHAX HayMHaeTCA Mpollecc MojaB- 
}eHH4A CTPYKTYPHOPLO TpaBJIeEHHA HM NOcTeMeHHOe OOpasz0BaHnHe raqkKOH, NMOBepx- 
HOCTH, JIMMeHHOH KaKHX-HOO CeAOB CTPyKTYPpbI. 
| Il[pH o6bacHeHHH MexaHH3Ma NMepBol cTaquu UpHHuMaeTca, YTO Ha Mporecc 
FACTBOPCHHA OKA3bIBAeT pelilarollee BIMAHHe KPHCTalorpaduyeckad OpHenta- 
MA 3epeH MeTaJlJla, a JIA OODACHEHHA Me€XaHH3Ma BTOPOH cTaqun NpHBeKa- 
)TCA pasJIMUHble Apyrve MpHYHHbI, ECTeCTBEHHO, y2Ke He CBASAHHbIe C KPHCTaJ- 
horpaduyeckoH opHveHTalMeH. Cuutaetca, TO H3JIOXKeHHbIeC MpelcTaBeHUA 
W\MeIOT TIPAMOe SKCIEPHMeHTAJIbHOe NOATBeEpKeHHe TPH H3SYYeHHH CTPyKTYPbI 
| CBOHCTB 9JIEKTPONOJMpOBaHHOH MOBepXHOCTH. . 
|| Takum o6pa30mM, BOMpoc O Me€XaHH3Me JeCKTPOJIMTHYeECKON MOJIMpOBKH He- 
OCPeJCTBEHHO CBA3bIBAeTCA C BOMPOCOM O CTpyKType IIeCKTPONOJHMpOBaHHOK 
jcopepxHocTtu. Hamwune CTpyKTYpbl JOJKHO YyKa3bIBaTb Ha OJMH MeXaHH3M, 
itcyTcTBHe ee — Ha Apyroi. 
IIpoBeqeHHoe HaMH 9JIEKTPOHHO-MHKPOCKONMYeCKOe U3 YYeHHE IIEKTPONOIN- 
\(OBaHHOu moBepxHoctTu (?) MoKa3bIBaeT, YTO MIpeACTaBseHHe O ABYX Pa3s/MUHbIX 
| TaluAX ZeCKTPOMUTHYeCKOH MOJHpOBKH C ABYMA pPa3JIMYHbIMH MeXaHH3MamMhH, 
| OCOOeHHO MpeACTaBseHHe O MOAaBJICHHH CTPpyKTYPHOTO TPaBJIeHHA BO BTOpOH 
ayMu, ABJIAeTCA Jaeko He OeCCNOPHEIM. 
‘|. B wacTosxmem Coo6meHHH MyOJHKYIOTCA HEKOTOPbIe Pe3YJIbTATHI STHX UCCIe- 
(OBaHHH. 


IKcMepHuMeHTaMbuHad Ware t b 


| FUccueqopasuch 2QIeKTPOMOMMpOBaHHE!e OOpasibl NOMMKPUCTAMMMYECKOH Me- 
iu (M-1). SuextponomuposKa mpoBoguach B 5-M pactBope docpopxou Kuc- 
oTsl IpH Hanps>KeHuM Ha 3axkuMax 1,2 B, mAoTHOCcTH ToKa 12,5 a/qM* un TeM- 
Hepatype BaHupl 20°. 

‘| C o6pa3noB, NOJBeprHyTbIX SICKTPONMOJHPOBKe B Pas/IMUHbIe MPOMeKYTKH 
}pemenn (10,25 u 180 cex.), CHHMaJIMCb KOJIJIOHJHBIC PelHKU, KOTOPbIe MocMe 
NTTeHCHHA XPOMOM HCcuIeMOBaIHCb B WICKTPOHHOM MHKPOCKONe MIpH yBeuM4ue- 
uu 1150. Ipupenenupie HW>Ke CHHMKH CeaHbl pH KOMOMHAIMH C onTHUe- 
ikuM yBemmueHHem (qo 23 000 x). 

| Kak noxa3bipaior Mukpodotorpaun puc. | u 2, B mepBylo cCTaquto Mpouecca 
}nexTponomuposKu (100 cex.) MpOWCXOJHT aKTHBHOe CTpyKTypHOe TpaBenHe, 
MacluiTaObl KOTOPOrO pasAHUHEI, B 34BHCMMOCTH OT CTeIeHH S/eKTPOXUMMYeECKOH 
eEOMHOPOMHOCTH MOBepXHOCTH . Ha oguux yuacrKax (puc. |) crpyKTypHoe 
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| 
TpaBJIeHHe BbIABAeT KpynHble H riyOoKMe Purypbl TpaBJIeHHA, OTBEUAIOUIMe 
OTHOCHTEIbHO OOvIbIeli 2IeKTpoXuMMYecKOH HeowHopomuHocTH. Ha Apyrux 
(puc. 2) aru cburypbl 3HauMTebHO MeHbIUe H MeHee TIYOOKH, B COOTBETCTBU 
Cc MeHbUIeli pasHUlleli B 9IeKTPOXHMMYECKOH HeoHOpoHocTH. Ha O6€HX MUKPO- 
cboTorpabuax OTUeTAMBO 3aMeTHBI TakK2%Ke H SHAYUTeJIbHO Ooslee MemKUe Urypbl 
TPaBeHUA, MOKPbIBAalONMe MOBePXHOCTh KPyHHubIX Puryp. OnH OOs3aHBI, O4e- 
BUHO, HaJIMUHIO AMCOKalWH WU UCKaxKeHuH B TelaxX KPMCTaJJIMTOB. 

CneopatebHo, yxKe Ha STO HavabHOH CTaqMM WIEKTPONOHpOBKU O0O- 
Hapy2KMBaerca CYWECTBEHHOe pasIMuHe B MaCITaOaxX TpaBJIeHHA B COOTBET- 
CTBHU C pa3/IMUHeM B CTeEMeHH BICKTPOXHMHYeECKON HEOAHOPOAHOCTH HCXOAHOU 
MOBep XHOCTH. 

Ypenm4eHve MpOLOMKUTEM_HOCTH JIeKTPONOJIMpOBKH No 25 ceK. (puc. 3) 
MpHBOLMT K MasbHeliileMy H3Me€HeCHHIO MaCIUTaOOB CTPpyKTYPHOrO TpaBJeHHA. 
Or KpynHbIx (Uryp TpaBsIeHHA OCTAaIOTCA yKe TOMbKO CJeAbl B BUC OTHOCH- 
TCJIbHO TCMHBIX MATCH, a MeIKHe (Urypbl TpaBsIeHHA MOJyYalOT HEKOTOPOe 
pa3BuTHe. 

JlaibHeliee YBeIHYCHHe MPOMOMKUTeMbHOCTH JIeKTPOMONMpOBKU oO 180 
cek., T. €. Mepexol B CTaqMIo, KOTOPy!o MpHHATO CUHTATb pelllaiomleh cTaquen 
mpotecca, H€ BHOCHT CyUIeCTBCHHbIX KAYeCTBCHHBIX H3MeCHCHHH B KapTHHy CTpyK- 
TypHoro TpaBleHud. Bo3sHuKkume elle B NepBylo CTaqHIO Mesbualitue Purypbl) 
TPaBJICHHA MOyUalOT TOKO JaJIbHelee PasBHTHe, COCTaBIAA Tellepb OTUET- 
JIMBY!0 CTPYKTYPY 3/IeKTPONOJMpOBaHHOH MoBepxHocTH (puc. 4). 

Hu Ha kKakoe mofjaBsieHue CTpyKTYpHOrO TpaBJIeHHA Ha BCEM IIPOTAKeHHH 
Mpollecca BI€KTPOMOJUPOBKH MpHBeAeHHbIe MHKpOoTorpapun He YKa3bIBaIoT. 
limMeeT MeCTO TOJIbKO 3€KOHOMepHOe H3MeCHEHHE MaciTaOoB TpaBJIeHHA, HallpaB- 
JIACMO€ H3MCHEHHEM MaCIITAOOB 3JIEKTPOXHMHYeECKOH HeEOTHOPOHOCTH MOBepXxX-| 
HocTH. J[eHCTBHTeJIbHO, eCJIH Obl HMeJIO MeCTO TlOfaBJIeHHe CTPYKTYPHOTO TpaB- 
JIGHHA, TO OHO TIpexe Bcero CKa3alOCcb Ob Ha yWaJIeHHH MeIbuaiuux PUuryp 
TpaBJIeHHA, Kak HanOoulee JOCTYNHHIX NosaBmenuio. Mukpodotorpaduu »*e} 
CBHJCTEIbCTBYIOT, HaOOOpOT, O NMOCTeMeCHHOM Pa3BHTHH 9THX MesbUalWUX cu- 
ryp TpaBJieHus. 

[IpupeyeHubie pesyJIbTaTbI ABJIAIOTCH elle OHO HarIAQHOM UsIOCTpalluert 
PasBMBaeMbIX HaMH IIpeAcTaBIeEHHH O CTPYKTYype SeKTPONOMHpOBaHHOH Mo- 
BepxHoctu (*) H copmayaloT mo cBoeMy COJlep%KaHHt0 C aHHbIMM Apyrux uccue- 
qopatenen (*). 


XHMMUYECKHH MHCTHTYT Iloctynusto 
Kasanckoro duanaia Akanzemun wayK CCCP 18 XI 1957 
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K cmambe IT. C. Bosdeuscenckoeo, [. A. Topéauyx, [. Il. esudepoes, cmp. 101 


Pue. 3 Puc. 4 


K cmamoe H. H. Iaaxcurna u B. H. Troprucoea, cmp. 155 


Puc. 1 a. — MukpoaptopaquorpamMa 4YacTHUbl XaJIbKOMHpHTa MeHHOTO 
MpOAyKTa PAOTALHM STHJOBbIM KCaHTOTeHaTOM. 350 X, O — MHKpoaBTO- 
pauorpaMMa COOTBeTCTBYylOllero 3Ta/IOHa 


JLAH, rT. 120. Ne 4, 


jlokaayp Akayemun nayr CCCP 
1958. Tom 120, N 4 


PH3SHYECKAA XHMUA 


C. Tl. )KAAHOB 
OBPATHMBIE H30TEPMbI AJICOPBLLMK BOJbI HA KBAPHE 
(ITpedcmaeaexno axademuxom M. M. [Ly6ununeim 30 XII 1957) 


AncopOuva apoB BOJbi Ha KBaplle ucceqoBamacb B pabotax (1%). Tlouny- 
“eHHbIC B 3STHX HMCCIe(OBAHHAX M3OTeEPMbI aNCOPOUHM BOTH MpecTaBsJeHbl Ha 
puc. 1. Hecmorps wa To, uTo Bo Bcex cTy4¥anx alcopOuHA OTHeCeHa K euHuILE 
NOBEPpXHOCTH KBaplla, H30TepMbI akcopOunu puc. | He coBMemjaloTcCs a BeCbMa 
CHJIbHO PpaCXOJATCH, HauHHad OT CaMbIX MaJIbIX 

plp,. PesyibTaTbl 3THX MCCTeoBaHHH He Obl pom? 

CONOCTaBJICHbI H He NOWBepraluch OOcy* EHH, 
HO HaOultOfarolleecA HeECOBMeILeHHe «aGCOJIIOTHEIX» 
H30TepM aCOpOUHH BOAbI Ha KBaplie MpescTaBlAeT 
OpHHUAMM aI bHEIH HHTePpec, OCOOCHHO B CBA3H C TeM, 
4TO H30TePMbI aCOpOUHH MapoB BOAbI Ha Pa3sHbIX 
-CHJIMKareIaX, KaK 9TO 1OKa3aHo B padorTe (4), copme- 
MLaloTCA B HAYaIbHOM OO ACTH OTHOCHTEJIBHBIX AaBJe- 
HHU, CCIM ANCOPOWMIO OTHOCHTb K EAMHUMe MOBepx- 
HocTu. B HacToAuleH paO6oTe CooOulaloTca pesyJIbTa- 
Tbl HCCJICOBaHHA aXCOpOWMu apoB BOI Ha YeTHI- 
pex oOpa3ilax pa3IMUHbIX MOPOWKOB KBaplla, OTIH- 
YaBIUHXCA TO BeJIHYMHE YeIbHOH MOBePpXHOCTH HU 
MO Mpoucxo* Jenn. T pu oOpa3ita ObivIH MpHroroBue- 


G2 4 06 8 (0 


HbI J poOIeHHeM KpHCTaJJIOB TOpHOrO XpycTaJA pa3- ice 
HOO MpOMCxoxeHHA C Mocsmekyiouleh O6pasoTKon 5 
nopowKos HCl u tTmatetbHow OTMbIBKOM BOZO OT Puc. 1. Comocrapnenne n30- 


enenos Cl’. Uerseprniii, HavOoee TOHKOANCNepc- TepM ascopOlnH BogbI Ha KBap- 
HbIM MOPOUWOK, Obl MOJyYeH H3 KPHCTAaJIOB He- Pte NUE ES 
MpospayHoro KBaplla aHaJIOrMYHbIM OOpa30M, HOB  paxos (2), 3—Iltosep — ze- 
WeAX BbIeIeHHA HavOosee TOHKOM (bpakWHH M0- cop6unsa (8) 
Pollok JVIHTeIbHOe BPeMA OTMYUHBAICA B BOT. 
YyebHBIe MOBepXHOCTH oMpesemaucb mo MeTowy BpyHayspa, Qmmerta 
u Tenmepa 43 H30TepM acopOmMN a30Ta, aproHa # MeTHJOBOTO CIIMpTa, [Ipuyn- 
MaJIHCb CJIELYIONMe BeMUMHBI MouatH (@), 3anMMaemMon aqcopOu poBaHHbIMH 
MOJIEKYJIAMH B MOHOCIIOe: On, = 16,2A?, war = 15,4A* HW ® cy,on = 25 A®. 
BpruncsieHHble 3HAYCHHA YeJIbHbIX MOBePXHOCTeH MCCJIeCAOBaHHbIX MNOPOLI- 
KOB KBaplla MpHBeeHbI 


Ta6Omuna 1 B Taos 
M30TepmMpr aqcopouuu 
O6pa3ubl H ycOBHA S, mz IIpuusatoe MapOB BOTbI, MOJIYYEHHBIe 
OTKAauKH No Ne |cH,OH 3HayeHHe Ha HCCJICMOBaHHbIX o6pa3- 
wax KBaplla OObeMHbIM 
Topust xpycrap I, 200°) — |0,195) 0,195 0,195 MeTOJIOM, IIPHBe€eHbI Ha 
Topnpm xpycram II, 200°} — |g,290} — 0,290 puc. 2A. Bce dtu u30Tep- 
TopuHpm xpyctavb ree nee —|—-— 0,57 Mbl, KpoMe ugoTepmst 5, 
Ksapu Henpospaynpili, 20° 5.15| — |4,85 by 15 ABMAIOTCA OOpaTHMbIMM. 
SOOM sae eset eS 5,4 Jaa JByX H3 HUX 9TO 


BHIHO HenlocpeACTBeHHO, 
a OOpaTHMOCTb AByX APYyrHX CileLyeT U3 COBMACHMA USOTePMbI, CHATOM Mocse 
HarpeBaHua oOOpasia mpu 200°, c MoBTOpHOH, MovlyyeHHo Oe3 HarpeBanns. 
Sto MoceqHee OGCTOATebCTBO CBHCTEMbCTBYCT O TOM, YTO HM B pPesybTaTe 
mporpeBa, HH B pesyJIbTaTe MepBOli aXCOpONMH CBOHCTBa MOBEPXHOCTH, Kak U 
ee o6ulad BeIMUMHAa, He H3MeHHIMCb. HarpeBanue Mopolika HeNpospayHoro 
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, 
KBaplla B BakyyMe [pu 1200° npHBelo K pe3sKOMy BO3paCTaHHlo ancopel aaa 
BOJIbI H K HeOOpaTUMOCcTH u30TepMEI (KpuBas 5). Kak 1B Culyuae H30TePM PHC. t, 
U30TepMbI, MpHBexeHHpIe Ha{puc. 2A, mpegcraBmioT CcoOoH pak pacxolAa- 


ULMXCA OT Hayasla KOOPAMHAT KPHBbIX, XOTA U 3HeCb ajcopOuuA oTHeceHa K C]IH- 
HuWe MOBepXHOCTH KBaplla. 


STH pesy/IbTaTH, Ha NepBbIi 
B3rJIA, MOTyT ObITb HCTOJI- 
KOBaHbI KaK CBH]eTeJIbCTBO 
HEH CHTHUHOCTH CBOHCTB 
CJIMHHIbI NMOBEPXHOCTH pa3- 
JIMUHBIX OOpa3slloB kKBaplila. 
V3 usotepm puc. 1 u 2A, qatw- 
IMX IIpAMbIe B KOOPAHHAaTax 
P/Ps 
a (1 — p/ps) 
paccuHTaHbl Wwiomayqu, 3aHH- 
Mae€MBI€ MOJIeKYJIOH BOE B 
ajJ\COpOUHOHHOM MOHOCJIOe Ii 
(wn,0). STH BeJIMUMHbI U3Me- |) 
HAIOTCA B Ipegetax oT 10,6 4y 
yo 380A. Orcioya kak 6yJITO 
Obl CulelyeT, YTO MVJIOTHOCTH i 
ylaKOBKH MOJIeKYJI BOJbI B il 
NepBOM aj{COpOlWHOHHOM Culo0e, 
HelOcpeJCTBeHHO CBA3@HHOM 
C NOBePpXHOCTbIO, pa3sJIHuHa 
WIA Pa3sHbIX OOpa3llOB KBap- 
na. Mspectuni padotsi (°°), 
B KOTOPbIX H3 M30TeEPM aJ- 
copOuuH BOB Ha CHJIHKAa- 


LN? 


: p/Ps, MOTYT OBITb |. 


Fl wEDTAW ADS 


TeIAX, aAJIIOMOCHJIMKaTax H 

? MIOpHCTHIX  cTeKJaX ObIWIM 

NOYYeHbI CaMble pa3JiHy- 

0 a Hbl€ 3HaY€HHA Oy,o— OT 10,8 
ge», 4% 96 98 5B A2 - 

Y. yo 5oA*, MpHHHMas KOTO- 


pbie yjlaeTcd NpHBecTH B 
COOTBeTCTBHe BeJIHUHHBI M0- 
BePXHOCTeH, paCCUHTbIBae- 
MBIe 10 BOJe H MO as0Ty. 


Puc. 2. A — H3o0tepmpl ancopOuHu BOAbI Ha PasHUHbIX 
oOpaziax KBaplla, OTHECCHHbIE K e€MHHIWe MOBepXuHocrn, 
5 — adcourwTHad usoTepMa — ajcopOuHa BOsbI Ha KBap- 
ue. 1 — Topupm xpycram I: a — neppad amcop6una Ha 
oOpasue, HarpeBaBlueMcA B BakyymMe mpuH 200°, 6 — no- 


BTOPHaA ajcopOuuA Oe3 HarpeBanuA. 2 — Topupiii xpy- 
ctamb Il; 6 — nepBanx agcop6una Ha OOpasile, HarpeBaB- 
leMCA B BakyyMe mpH 200°, e — noBTopHaa aycopo6uns 
6e3 HarpeBanua. S—Topupii xpyctamb II], orkaunsanca 
6e3 HarpeBaHHuaA, 0 — afcopOuua, e — mecopouna. 4 — 
HeNpO3payuHbI KBapll, OTKAYHBaJICA O6e3 HarpeBpaHHs; 
xe — aycopouua, 3 — ecop6una. 5 —ToT xe o6pasen, 
HO OTKauHBacaA pu, 200°; u—ancopouna, K— qecopouns 


BesleqcTBHe pe3KO BbIpa- 
X%KeCHHOH UYBCTBHTeJIbHOCTH 
aCOpOuHH BOB K COCTOS- 
HHIO MOBeEPXHOCTH KPeMHe3e- 

10-15 4 
MHCTBIX aCOp6eHTOR ( ,") 
OTMeYeHHOe BBILIe HeENOCTO- 
AHCTBO BBIUMCJICHHBIX 3Ha- 


‘ YeHHH ©y,90 MOTO Obl ObITb 
CBASAHO C HeHJCHTHYHOCTHIO COCTOAHHA NOBEPXHOCTH H pa3sJMYHOH MmpHponon 
MCCI€AOBaHHBIX ajlcopOeHTOB. OgHako usoTepMut J, 2,3,4u 5 puc. 2A nonyyuenni 
Ha OJHOM H TOM 2K€ KPHCTaJIJINYeCKOM BelileCTBe — HH3KOTeMMepaTYPHOM KBapire 
MH Mp OAMHAaKOBBIX HU CPaBHUMBbIX YCJIOBHAX OTKAYKH . O6paTHMOCTh MepBbIX YeTHI- 
pex H30TCPM HeMOCpeACTBEHHO CBUJETEIbCTBYET O TOM, YTO aNCOPOMMA BOLI BO 
BCe€X STHX CJY4aAX NPOMCXOAMJIa Ha MOBEpXHOCTH SiO, B COCTOAHHH MaKCMMaJIb- 
HOW ee rapaTauuu. AXcopOuus MowekK yl BOAbI Ha MOBEPpXHOCTH KpeMHe3eMa Ip 
MaJIbIX p/Ps, Kak 9TO NOKa3aHO B padotax (7° 1°), npoucxoqNT B MepByio oUue- 
peb Ha NOBePXHOCTHBIX TMAPOKcHax, H BeHUHHAa alcopOuMu HaxofsNTcCH B 
CBASM CO CTeleHbIO rHApaTalMu MoBpepxuoctu. KomuyecTBo rHApOKCHOB Ha 
MOBEPXHOCTH KBaplla B COCTOAHMM €€ MAKCHMAJIbHOM TuApaTallMu NO2KHO OBITS 
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AMHAKOBbIM Y PaSHbIX OOpasoB KBaplla, Tak Kak OHO OMpelemAeTCA KpUcTas- 
JOXUMMYECKON CTpykTypol KBapua (1*). [ostomy Maso BeposTHO, 4TOOEI pac- 
OKNMeEHHE H380TepM PHC. 2A ObWIO OGycOBeHO HEHACHTHUHOCTHIO CBOLICTB e1H- 
MUlbl NOBEPXHOCTH PasHbIX OOPa3sOB KBaplla HM pasvMYHOL MOTHOCTHIO yma- 
KOBKH MOJI€KYJI BOJbI B M€PpBOM aycopOmHoHHOM ciloe. HanGomee BeposTHoii 
1 eebael STOTO PaCXOMKMCHHA ABJIACTCA HEMOCTYNHOCTL JIA MOseKYJI a30Ta 
€KOTOPOH AOMM NOBEPXHOCTH, NOCTYNMHOM WIA MeHbIUMX TO pasMepaM Mouie- 
KY BOMbI. Takoe ABJIeHHe XOPOWIO M3BeCTHO AIA ybTpanopucTElx KpUCTaA- 
JIMYECKUX aJOMOCHJINKaTOB—eouuToB (1%). B caryuae KBaplla 9TO MOET ObITb 
OOYCIOBNEHO HasM4HeM CYOMUKPOCKONMYeCKUX TpelMH B KpHcTasiax. To-Bu- 
AUMOMY, BCe HCCJeOBaHHble B HACTOAIMel padoTe OOpasibl KBaplla, KpoMe rop- 
Horo xpycraasa I, comepxKat Takue TpemHHEI. Oco6eHHO MHOTO HX JOIDKHO OBITb 
B KpHCTaslmaxX HeNpospauHoro xKBapula. TlogTBepxyeHHeM SABIAeTCA BBIIe- 
JleHHe OOJIbIWIOTO KOJIMYeECTBaA BOJbI MOPOKOM 2TOTO KBaplla MpH ero Harpe- 
BaHHH B BaKYYMe B MHTepBae TemnepaTyp 100—200°, a Tax2xe aHOMAJIbHO BBI- 
COKO€ KOJIHYECTBO CTPYKTYPHOH BOI, BbIJeACMOM IPH MpoKasMBaHHH C elu- 
HHIbI NOBEPpXHOCTH KBaplia B MHTepBane 200—1000° (oKomo 25u M/m?), ecu 
NOBEPXHOCTb onpefemena mo asoTy. TlocenHee na6moqan TaKxe Iro6ep 
(°), Ha HEKOTOPBIX HCCeAOBAHHBIX HM OOpaslax KBaplla, OHaKO OH He CBASHI- 
BaJl 9TO C HaJIMUMeM TPeUIHH B KPHCTasax, a MPHMMCbIBa BJIMAHMIO PIMHH- 
CTbIX MpuMeceli B KBapue. H3BecTHO, YTO MHHepaJIOrM OAHOM M3 IPH HeNpo- 
3Ppa4HOCTH KPHCTaJJIOB KBaplla HEKOTOPbIX MeCTOPOXKMeHHH CUMTAIOT CHJIbHO 
Ppa3sBUTy!O TpeuwlMHOBaTocTb (}’). 

OueBuJHO, YTO WIA MOCTpoeHuA aGcomOTHOH U30TePMBI acopOuMH BOLI 
3HaYeHHA NOBEPXHOCTeH, ONpeeJIeCHHbIX TO a30TY HM APYrHM BelllecTBaM C pas3- 
MepaMH MOJIeKYsI, OOJIbIUHMH, YEM Pa3MEPHI MOJIEKYJIbI BOJI, IPHTONHbI JIMIUIb 
Ip yCJIOBHH, YTO MOBEPXHOCTh, AOCTYNHAA WIA MOJIEKYJI BOJIbI, B PaBHOH Mepe 
MOcTYNHa UW WIA TEX MOJIEKYJI, KOTOPHIe HCIOMb3YIOTCH JIA H3MePpeHHA NOBepXx- 
HocTu. TopHpi xpyctamb I, Kak MOXKHO 3aKJNOUHTh 3 MOJIOKCHUA H3OTEPMbI 
i puc. 2 A, Gombe, 4em Bce Apyrue uccIeOBaHHbIe OOpasiibl KBaplla, OTBE- 
yaeT 9THM YCJIOBHAM. 

Bena @y,0, PacCCUHTaHHasd u3 u30TepMbI J puc. 2 A, OKasamacb paBHOl 
26 A?. 31a BesM4MHa OUeHb OM3KAa K 3Ha¥eHHIO 25 A®, HalieHHOMY JIA CHUIH- 
Karesleli B paGoTe (*). Ona cormacyerca c BeanunHon 13,4A?, nomyyeHHOH Mia 
MIOMaqu, MpHXoLauelicA Ha OAMH THAPOKCHJI Ha THAPaTHpOBaHHOM NOBepXHO- 
CTH HH3KOTeMMepaTypHoro «-kKBaplla B paGorte (""), mpH RonyuleHuu, uTO Nep- 
BHUYHBIMH aCOPOMHOHHbIMH IeHTpaMH IO OTHOWCHHIO K MOJI€KYJIaM BOJbI AB- 
JIAIOTCH HE OTICJIbHbIe THAPOKCHJIbI, a HX Nappl. Tako MexanHu3m ajcopOunn 
BOJbI BbITeKaeT 13 HaGJIOLaeMOro KOJIMYECTBEHHOTO COOTBETCTBHA MeK Ay YMeCHb- 
[eHHeM YMCA Nap PHAPOKCHIOB Ha MOBeEPpXHOCTM NMOpHcTorO cTeKJIa MpH ero 
eruypaTauuv M yMeHbINeHHeM aCOpOUMH BOLI B OOACTH 3anOJHeEHHA MOHO- 
cnoa (13,14). K nogo6Homy 2ke MexaHH3My afcopOuUHu MOJIeKyJI BOJbI Ha PHy- 
DaTMpOBaHHOli MOBepXHOCTH CusMuKareeli MpuXOAAT M aBTopb! pabotsr (*). 

Ecau paccuntaTb BeJMUMHBI YI@IbHBIX MOBepXHOCTel MCC/IeOBaHHbIX 0O- 
pasiloB KBaplla Oo H30TepMaM afCOpOIMM BOLI C HCMOMbSOBAHHeEM 3HAVeCHHA 
oH, == 26A? w no,yYeHHbIMH 3HaYeHHAMH BOCIOMb30BaTbCA JIA MOCTpoeHHA 
AOCOJIOTHLIX H3OTeEPM, TO BCe OOpaTuMbIe us0TepMbBI puc. 2 A, B Upefenax 
BOS3MOXHBIX MorpellHoctelt u3sMepeHHii, Jlo%KaTcA Ha OJHY OOULyIO KpPHByt0 
(puc. 2 B). 

ConocraBjleHue u3otepmpt puc. 2 B c aGcomoTHbIMH H30TepMaMH acopoOuHy 
BOIbI Ha CcusluKaremax (4) MH MOpHCcTOM cTekKuJe (14) noKasbiBaeT, YTO B OOAacTH 
<1 a6couoTHBIe H3OTEPMBI BO BCeX STHX Cy4aAX MOTYT ObITh MpelCTaBleHbl 
HOH KpMBOH, ecu acopOuMA MpoMCcXOAHT Ha MOBepXHOCTH B COCTOAHHH €e 
IpelebHOH TuypaTawHu. OOpaTHMocTb H30TeEPMbI B MOHOMOVJI€KYJIAPHOH 06- 
IaCTH ABJIACTCA OJHHM H3 MPpH3HaKOB TakOrO COCTOAHHA. 

Ha6moyaioumect HecoBlayeHHaA aOcoJOTHbIX usoTepM ajicopOunu BOLE, 
IOULYYCHHBIX APYFHMMH HCCeLOBATeIAMH Ha KBaplle (1%), cumuKaremax (°,°) 
i MOpucTHX crekax (18) B OOmacTH MaJIbIX p/ps M BbITeKaloulee OTCIOAa HeWo- 
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CTOAHCTBO 3HaYeHHt @y,0 HAXOAHTCA BCBA3H C [BYMA He YYMTLIBACMBIMH B STHX 
paOotax o6cTosTembcTBaMu: 1) BO3MO2%KHOH YJIbTpamOpHCTOCTHIO UCCeLyeMbIx 
OObEKTOB, TIPOABIAIONEHCA B HEKOTOPHIX CyYaAX LaxKe pH acopOuHH azora, 
vu 2) pe3KO BEIPaXKeHHO UYBCTBHTEIbHOCTHIO aCOPpOMMM BOI K COCTOAHHIO MO- 
BePXHOCTH KPeMHE3EMHCTHIX aCOpOeHTOB M CTeleHH ee THApaTalluu. 

B ciyyae pesko BbIPaxXeHHOH YJIbTpanOpHCTOCTH OMWeHKa MOBePpXHOCTH TO 


Se cd 


oe 


H30TeCPMaM alcopouuH a30Ta IIPHBOAMT K MOJIYYeCHHIO 3aHH2KEHHbIX BeJIHUHH. © 


STO MOXKeT ObITh MPHYHHOM 3aBbIINeHHA aCOpOWMN BOLE, paccuHTEIBaeMon Ha 
€MHULY MOBepXHOCTH, H COOTBETCTBEHHO, 3aHWKeHUA 3HaYeHHH Oy,0 (*,”, 


2 mee) | 


OHM H3 IpH3HaKOB TaKOH YJIbTPaNOpHCTOCTH ABJIAeTCA BbIeIeHHe 3HAUH-— 
TeJIbHOFO KOJIMYCCTBA BOJbI, ALCOPOMPOBaHHOH B TOHYAMUIAX MOpax Wu TpellMHax © 
pH warpepannu Jo 200°, uro MpHBOAUT K pe3KO BbIpPaxKeHHOM HeoOpaTUMOCTH © 


W30TePMBI alcopOunu (u30Tepma 5 puc. 2 A). OfHako Ha MOBepXHOCTH YacTH 


Nop, OOHapy2KMBarolluX YJIbTPanOpHcTOcTb MO a3s0TyY, BOJa MOXKeT ajcopOu- 


poBaTbcsA BNO.He OOpaTuMmo (u30TepMBI 3 u 4 puc. 2 A). 

Tlomyyenue 3aBbIlIeHHbIX 3HaYeCHHH Wy,9o B padoTax (> °) o6ycIOBsIeHO TeM, 
uTO B 3THX paOoTax aJcopOUNA BOI MCCIeMOBaaCb Ha CHJIMKareslAX, B 3Ha- 
YHTeJIbHOH CTeMeHH JerupaTHpOBaHHbIx. B CBA3H C OTMeCYCHHbIMM BbILIe OCO- 
OeCHHOCTAMH MeXaHH3Ma afcopOuuH BOsbI OOpasoBaHHve MIOTHOTO acopOupo- 
BaHHOrO MOHOMOJIEKYJIAPHOFO COA Ha LerHapaTHpoBaHHOH noBepxHoctTH SiQ,. 
B OObINHOH OG6JacTH p/P; He MOXKeT IIPpOH30HTH, WH MOSTOMY PpaC4eThl yH,0 
B TaKHX CJIy4aAX He MMeIOT PpeaJIbHOTO CMBICJa. 

TakHM O6pa30M, CBOHCTBa eJMHUUbI MOBeEPXHOCTH Ppa3JIMYHbIX OOpasiloB 
KBaplla, a B paBHOH Mepe HM APyrHX KP€MHE3eMHCTHIX acopOeHTOB, MOryT ObITb 


UACHTHMYHBIMH WO OTHOMECHHIO K alcop6unH BOJIbI TOJIbKO B TOM CJIyuae, Kora 


aCOpOuHA MpOuCXOAMT Ha TpeesbHO TuApaTHpOBaHHOH NoBepxuocTu. [Ipu 
HaJIMYHH HeOOpaTHMOoH aycopOuHH CBOHCTBa CMHUIbI MOBeEPXHOCTH He comocta- 
BUMbI. MjleHTHUHOCTH yCJIOBHH HarpeBaHHA Tepe aCOpOMHOHHBIM OMBITOM 
He ABJIAeTCA JOCTATOUHOH TapaHTHeH nowyyeHuA MoBepxHocTH SiO, c ofMHa- 
KOBbIMH aJCOPOMHMOHHBIMH CBOHCTBAMH M0 OTHOINeHHIO K BOE. 

Haswune TOHYAHLIMX TpellHH, HeJOCTYMHbIX axKe WIM MOJeKYJI a30Ta, HO 
OOHapyKHBaeMEIX IPH alcopOuMn BOB, B TaKOM HeMOpHCTOM MaTepuasle, Ka- 
KUM CUHTAICA KBapl, 3aCTaBJIAeT C H3BECTHOH OCTOPOXKHOCTbIO OTHOCHTbCA K 
BeJIMUHHaM MOBepXHOCTeH, H3MEPAeMBIM IO a8O0TY B JIPpyrux cyyaAx, OCOOeHHO 


KOPla JlaHHble, NOU yYaeMble MO BOE WH NO a30TY, HCNOMb3YIOTCA MIA BLIYHCIe- 


HHA TWJIOWaH, 3aHHMaeMOH MOJIeKYJIOH BOLL B acopOH“poOBaHHOM MOHOMOWIe- 
KYJApHOM cstoe (1,1°). 

ABTop BbIpaxaeT OlarogapHocth M. M. JlyOununy u A. B. Kucenesy 3a 
HHTepec K padoTte u E. B. Kopomambau 3a yuacTue B U3MepeHHAX. 


VuecrutyT XuMHM CHJIMKaTOB TloctymHs10 
Akaylemun HayK CCCP 30 XII 1957 
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Jlokzanmn Akanemun Hayk CCCP 
1958. Tom 120, Ne 4 


PH3HYECKAA XHMHA 


A. 1. KHOPPE, B. JI. MMKAEBA, u H. M. IMAHY93JIb 


O POJIM HECTAWMOHAPHOCTH MPOWECCA TPH CTHMYJIAPOBAHHH 
BbIPO)KJEHHO-PASBETBJIEHHbIX LEMHbIX PEAKUMA 
B KKUAKOW SA3E 


(ITpedcmaeaeno axademuxom B. H. Koxdpamoeeoim 25 XII 1957) 


Sa mocslesHee BpeMA OHUM M3 HAC B psie padoT Obi0 NOKasaHO, YTO po- 
Wecchl OKUCEHUA %KUAKUX yrueBooponos (*°) v cKMKEHHBIX YIIeBOLOPONHBIX 
ra3oB (°) MOryT ObITh 3HaUHTe/IbHO YCKOpeHbI, CCIM BO3eHCTBOBaTh Ha Mporecc 
TeM WIM WHBIM WHHIMaTOpOM OKHCIeHHA (ra30Bble KaTamusatoppl HBr (}), 
NO,(23), MpoHNkalollee H3IyueHve, HHEPTHbIe pauoaKkTHBHBIe ra3pt (5)), Hb 
B TeYCHHe CPpaBHHTeIbHO HeOOJIbINOrO MpoMeKyTKa BpeMeHH, NOKa peakIMA 
euje HaxOMUTCA B Hepvoye uHAyKWMH. JlaibHelillee BostelicTBHe MHUWMaTOpa 
OKa3bIBaeTCA HEHY2KHBIM WH JaxKe BPeHbIM WIA pasBHTHA Mpollecca, H3-3a 
BbISBIBACMbIX HM He€XKeNAaTeIbHbIX BTOPHYHbIX MpoweccoB. B atux paboTax OpiI0 
Takxke JaHo OObACHeHHe HaOMIOAAeMbIX ABJICHHH C TOUKH 3PeCHHA BbIABHHYTON 
H.H.Cemenospi (7) Teopun WenHbIxX peak C BbIPOKCHHbIMH PpasBeTBJICHHAMH. 

IIpu oKucieHHu yrueBowoposoB, mpoTeKalolleM MO IWeMHOMY MeXaHW3my C 
BbIPOXKJCHHBIMH Pa3BeTBJICHHAMH, OOPa3OBaHHe AKTHBHbIX WeHTPOB HeT TByYMA 
HYTAMH: 

1) 43 HCXOZHBIX BellecTB — yraeBowopoya RH u Kucnopoya O, no peakuun 


REMY Os. Ria Ho: (1) 


Hywel C MasOf MOCTOAHHOM CKOPOCTbIO W, (3apox enue Lerelt); 

2) B pe3ysbTaTe pacnafla WIM Kakoro-1HO0 Apyroro mpeBpalleHudA Mpome- 
*KyTounoro upomykta P (B cayyae %*uAKOMasHOrO OKHCeCHHA STO OOBIMHO 
pacnag rugponepexucu ROOH), uzyusero co cKopoctsio k, [P] (BbIpoxTeHHOe 
pa3BeTBJIeHHe). 

Tloxa w) + k,[P] Mano, cKopocTb OKMCJIeHHA MaJla, peaKI[MA HaXOJMTCA B 
Mepvoye wuykuun. Ecam mp mpwMeHenuu Kakoro-JiMO0 MHUUMaTOpa OGectie- 
YMBaeTCA OouIee BbICOKaA CKOPOCTh 3aPpOXKNCHHA Wy, TO PeaKIUMA YyCKOpserTca, 
M MepHoq WHAyKUMH yMeHbilaeTcH. ONHaKO HHMIMaTOp yCKOpxeT peaKUHIO JIMLUb 
0Ka Wy, > W) + kp [P]. Korga konueHTpalluA rufponepekucu WocTuraeT TakuXx 
3HayeHHH, 4uTO kp [P] SW, WHMWMaTOpP TMepectTaeT BJIMATb Ha CKOPOCTb IIpo- 
mecca OKHCeHHA, T. e. ero BO3elicTBHe Ha CHCTeMy MepecTaeT aBaTb KaKOH- 
JIM60 MOJIOKUTEIbHBIN 9cppexr. , 

Marematuueckoe paccMOTpeHve KHHETHKM IeMHOH BbIPO?KCHHO-pasBeTBJIeH- 
Holi peaKI[MH B 3aBHCHMOCTH OT MHTCHCHBHOCTH HM MpOjOJOKMTeJIbHOCTH MHMUN- 
HpOBaHHA MOKa3bIBaeT, YTO B Cyuae MMHeHHOrO OOpbIBa WeleH YBeMMUCHHE Wo 
IIPHBOJMT K 3HayHTeJTSHOMY COKpallleHHIO HepHOfja WHAyKUMM (258): OqHaKo 
IPH 2HKotasHoM OKUCIeHHM Mpeo6aqaloulMM MpoleccoM OOpbiBa Wellel AB- 
JIAeTCA KBalpaTHUHbIt OOPbIB. COOTBeTCTBYIOMLee KHHETHYCCKOe pacCMOTpeHHe 
OblIo mpopeyeHo B padote E. T. Jenucopa Mu ofHoro us Hac (%). B ston 
paOore lp pacueTax KOHWeHTpallMA AKTHBHBIX WeHTPOB NOJaralach KBa3HCTa- 
MOHapHol. Takoe mpHOmMxKeHHe, OHaKO, He BepHO, Kora CKOpocTH WHHIH- 
MpCBaHHA He CJIMUIKOM BBICOKH. JlelcCTBHTeIbHO, ypaBHeHHe JWI HaKOIWICHHA 
aKTHBHBIX WeHTPOB B CJIyyae KBajlpaTHyHOH ruOeIM WMEeeT BUI dn/dt = Wy — 
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—k,n?, TO MpHBOAUT Np 3a/aHHOM Wy K COOTHOLIEHHIO 11 =V wy / ke thY kwut. 
TakuM O6pa3om, {BpeMaA  yCTaHOBJIeHHA CTalMOHapHOM KOHIeHTpalluu ecTb 
BelmuMHa mopsmka 1/Vk,W,. Tipu MasbIx Wy 9TO BPCMA MOXKET OKAsaTb- 
ca GombIuoH BemmunHol. IlostoMy Ha HauaJIbHbIX CTaqMAX Npowecca ycJIoBMe 
cTallMOHapHOCTH He 6yyeT BEIMOHATDCA. IIpwmMeHeHHe yCJOBMA CTallHOHapHo- 
CTH IIpHBOJHT, B YaCTHOCTH, K BBIBO,Y, YTO peakUMA MeT Oe3 saMeTHOrO 
Mepvowa WHAYKUMM, 4YTO BO MHOPMX CwlyyaHtxX HaxXOQMTCH B NpOTHBOpeyMN C 
OMbITHBIMH JaHHbIMH. 

B HacrTosujeli padoTe mpoBeseH pacueT KHHETHKH WelHOK peaKUMH C BbIPOXK- 
JICHHBIMH pa3BeTBJICHHAMM HM KBalpaTHUHbIM OOPbIBOM Lelleli C yyeTOM HeCTa- 
IMOHAapHOCTH Mpowecca B HavaJIbHEIi NepHOk pasBuTHA Mpolecca. OCHOBHEIM 
31eCb ABJIA€TCA BOMPOC O BJIMAHHH CKOPOCTH HM MpOMOJKUTeIbHOCTH MHHWKUPO- 
BaHHS Ha HavasIbHYy!O CTauIO peakUMH, B OCHOBHOM Ha BeuIMUMHY NepHosla 
vulyKuun. Tlostomy pacuer mpoBesleH Oe3 yueTa pacxOAOBaHHA TpoMeKyTOUHOrO 
MpOAyKTa, KOTOPOe HayMHaeT CYUICCTBEHHO CKa3bIBaTbCA Ha KMHeTHKe Mpolecca 
JIMIUb Ha Oosee rmyOokux cba3ax mpespamjenua. Jlanee, Mpeqnouaraerca, 4TO 
OOpbIB OCYULeCTBIAeTCA IlyTeM. peKoMOuHalwMM patuKaop RO;, 4To, Kak 
mpaBulo, UMeer MeCTO IPH aBJIeHHAX KUCMOPOa OMM3KNX K aTMOcCdepHoMy. 
IIpu Takux Mpesmono%KeHHAX CHCTeMa ypaBHeHHi, OMNMCbIBaOllad KHHeETHKY 
HaKOMJIeHHA MpOMexXYTOUHOTO MposykTa, MMeeT BUT 


TROL — w, + kp [ROOH] — &; (ROI, 


“IF _ &[RO,) [RH]. (2) 


Snecb k, H k—COOTBeETCTBEHHO KOHCTAHTbI CKOPOCTH peakUvii peKoMOuHallna 
payqukasioB RO’, uv peakUMu MpomkosvKeHua env 


RO’*", + RH-— ROOH + RB. 


Bpejem Oespa3MepHble MepeMeHHbIe &, 7 HW t KH OespasMepHbili MapaMeTp wo 


kep [RH] 
(RO, = YE2EN :  (RooH) = ets 
a R,Wo 


pS eee 
Vfkp(RH|’ Pep [RH] 


B 6espa3MepHbIX MepeMeHHbIX judpepeniMaJbHbIe ypaBHenHua (2) MMelIoT BUA 


dé “2 
dit Cimon 
ay 


Vurerpupopanve cuctembl (3) MpHBouT Mp HayambHbIx yculoBuAx y = 0, 
§=0 upd t=O k uuterpauy 
n 


c=\ : ax ;' 
i Vee — =) 


Tak Kak MbI mpeHeOperym pacxojloM rugponepekucn, TO 3TO CcooTHOMeHHe 
MOXKHO CUMTATb MpHMCHHMBIM JIMIMb Mpa MaJIbIX TJlyOMHaxX MpeBpalieHua, n0- 
pagka 1%. 

Ecam o603HauHTb MpoOleHT MpeBpallenua uepes p, TO qua 7 Moulyyaem 


P k, 


rages Oar 


“| 


Tak Kak BCe SKCMepHMeHTbI 0 HHHMMMpyiouleMy JeiicrBuio Ha HayaJIbHYytO 
cTaqMrO Mpotlecca MpoBeAeHbI Ha NapadMHOBbIX yrvIeBosopoyax, TO uM HacTo- 
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AULMH paCyeT IIpoBeeH JVWA CJlyuaH MOJ€JIbHOrO pa3sBeTBJIeEHHOrO napaduna — 
MU3O0]eKaHa. 3a OTCYTCTBHEM KOJIHYCCTBEHHbIX JIaHHbIX MO SHEpruv TDeTHYHOU 


| cps C—H B usojekaHe u cKopoctv pacnaya u30qeuMruyponepeKucn, Boc- 


| WeHHAX W,. JIA HeMHHUMMpPOBAaH- 


HOM peakKUHH Mp BBIYHCICHHH Wy 


NOJIbSYeMCH COOTBETCTBYIOUIMMM JaHHBIMH [WIA H306yTaHa UM TpeT.-6yTHsrHapo- 
mepekucn (°): 


te Rp = 10% e—39000/RT 3, 


TensoBpon adpekt peakunu (1) papen — 42 kkam (cuuTad 9HeprHio pa3pbi- 
Baemol cBa3sH C—H 89 xxam (1°), a sHepruio caasu H—O, 47 xxan (24)) u 
Tak KaK TakOM Mpolecc efBa JH UMeeT 3aMeTHbIli aKTHBAILHOHHbI Oappep 
(CHJbHO SHAOTeEpMMUHaA peaks C JIMHeHHBIM AKTHBHMPOBaHHbIM KOMIVIeKCOM), 
TO 1? 


ie = f- 1 07 10e—42000/RT [RH] ORB 


IIpu 127°C, tT. e. 400°K, sto gaer, cuutaa [RH] = 10%, [O,] = 1038, 


Ie ms 
fF 107%. 


Ha puc. | cnJOuHbIMM JIMHHAMH MpHBeJeHbI KHHETHYeCKHe KPHBbIe HaKON- 
JIGHHA THponepekucu, paccuuTaHHble Jia cayuaes k,/k= 10° (a) u 10° (6). 


_Ilyxrupom wa Tex 2Ke pHCyHKaX IIPHBeJeHbI KPHBbIe, paccuNTaHHBle C MpuMe- 


HeHHeM YCJIOBHA KBa3HCTalMoHap- 

HocTu. Buyuo, YTo B O6OHX culy- mon % us 6 

yaAx 9TO YCJOBHe MpHBOZUT K 40 

peSKO 3aBbIIIeHHbIM 3HaueHHAM 1, 

mpHyeMm mepHow wHAyKUMH ucye- 

3aer. 

Ha puc. 2 npuBeyeHbl IA TeX ay, 
Sai) 
= 


Ke 3HaveHHit Napamertpa k,/k Ku- 
HeTHYCCKH KPHBbIC HaKOINICHHA = =, p, 
THAponepekucH Mp pa3HbIX 3Ha- b 


mpunato f =10*, Tak Kak u3BeCT- 
HO, 4YTO CTepHyeckKHH dakTop B 
peakUMAX yreBOJOpOAOB B *KH]- 


| Ko (a3e MHOYO MeHbLle eA HHULEI. 


Z - Puc. 1. Pacuerupre KHHeTHYeCKHe KPHBbIe HaKOTI- 
HaveHHA W, WIA WHAWMHpOBaH P 


__ Je@HHA THAponepeKuch, NoOJyYeHHbIe pH cTporom 
See ee ee ie Dae pelleHHH cHcTemMbI (3) (CMJIOWIHbIe KpHBbIe) HC 


10 12 3 
HpiIMM 10°" Hw 10°° Moui/cm”-ceK., TIpHMeHeHMeM YCJIOBUA KBaSHCTalHOHapHOcTH (NYHK- 
TO MPHOIM3HTeIbHO OTBeEUAaeT YC- tupHbie KpuBbIe). aA—k,/ k= 103, wy = 10-10; 
JIOBHAM MPOBeJCHHEIX OMbITOB TO 6 —k,/k = 10°, wp=10-8 


| OKUCIeHUIO Napaduna, HHAWMUPO- 


BaHHOMY y-H3uyueHHemM KOOaJIbTOBOrO HCTOUHHKAa (*), H 0 OKUCTeHHIO U“30Je- 


Kana (°), HHMIMupOBaHHOMy pagoHoM. BuyHo, 4TO yBerMYeHHe W, (@)) MpH- 
BOJMT K COKpallleHuIo MepvHowa HHAYKUMH BIWIOTb AO MOIHOTO ero HCUesHOBeHHA 
Mp WOCTaTOUHO GOJIbUIOM 3HAYCHHH Wp. 

Vs puc. 3 BuAHO, 4TO pacueT, MpOBeLeCHHbIM B MpeANOJOXeHuM O KBasuCTa- 
WMOHAPHOCTH Mpouecca, WaeT COBePIIeHHO HeBepHoe MpefcTaBIeHHe O MacuiTa- 
Oe BO3KeHCTBHA MHUUMaTOpa Ha KMHeETHKY OKHCJICHHA. 

Kpuppie JWI HHHUMMpOBaHHOTO OKHCJICHHA, MpMBeeHHble Ha pc. 2, pac- 
CUHTAHbI B MpekmosoxwKeHuu O HeMocpeCTBEHHOM MHUHUMMPOBaHHH Ha BCeM 
mpoTaxKenuu mpouecca. Tpu sxayenuax mapametpos ,/k = 10°, w) = 10 
pacueT mpopeyen Tak2Ke JIA Cyyad MHMIMMpOBaHMA B Tevenue tT = 1,2. Ku- 
HeTHYeCKaA KPHBad MpakTHYeCKH He OTMMYAeCTCA OT KPHBOH, NOyYeHHOH MpH 
HeMpepbIBHOM MHMIWMHpOBaHuM TOH %e uHTeHcuBHOCTH. IlomyueHHple pacue- 
TOM KHHeTHUeCKHe KPHBbIe CXOJHbI MO CBOeMy XapakTepy C HaOuIoqaembIMH Ha 
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ompite. Tak, KPHBbIe pHC. 2d CXOJHBI C KHHETHYCCKHMH KPHBbIMH, NOJLYYeHHbIMA 
pH WHHIWMHpOBaHHM OKMCJeHHA NapadHHa B HavaJIbHbI MepHO WBYOKUCbIO 
azoTa HH y-H31yyeHHem Co (4). Kpuppie puc. 2 6 mo cBoemy THMy O1M3KH 
K KMHe€THYCCKHM KPHBBIM, MOJIYYCHHIM MPH OKHCIeHHM M30J[eKaHa HHHIMMpo- 
BaHHbIM payloHom (°). CyilecTBeHHO, 4YTO 9TH KPHBbIe NOJyYeHb! pH pasyMHbIxX 
3HAYeHHAX WapaMeTPOB w, H ,. OTCYTCTBHe CBeeHHH O MeXaHH3Me HHMIMHpy= | 


a 6 


(ROOH) ——~ 


TELL Mae 


O_——— 


Puc. 2. Pacuetuble KHHETHYeCKHe KPHBBIe Puc. 3. PacyeTuble KHHeTH¥eCKHe 

HaKOM JJeHAA THApomepekucu. a — k,/k =103, KPHBbIe HAKOMJIeCHHA PHLponepeKu- 

> /p—103 es 

@o = 10-40 (/) (HeHHHuMUpOBaHHoe OKHCuIe- cH faa cayyad k,/k=10 6e3 HHH 

Hve), ©, = 10 (2) uw, = 1 (3); 6 —R/kR= uuupoBanua (KpuBpre J, 1’) uc 

= 105, w =10- (1); o, =1 (2) 20, = HHHUUMpOBaHveM @y = 1 (KpHBBIe 
H H 


2, 2’), nNowyueHHble IpH cTporoM 

pemenunn cHcTembl (3) (cMIOWIHBIe 

KpHBbIe) WH C MpHMeHeHHeM ycJI0- 

BHA KBasiCTauWOHapHOCTH (MyHK- 
THpHble KPHBEIC) 


=100 (3). IlyHkTHpom noka3aHa KpuBaa pH 

HHHUMApORaHHH B TeyeHHe T= 1,2. Crpea- 

KOH OTMe€YeHO BpeMA MpekpallenHA HHHWHH- 
poBaHHa 


romero WelictBua NO, He MO3BOAeT OLCHHTb ®) BITOM CJTyYae, H DJIA Ta30BOro: 
HHHUMHPOBaHHA MOXKHO TOBOPHTb JIMWIb O KAYe€CTBEHHOM COraCHH pacueTHbIxX 
HM SKCIe€PHMeHTaJIbHbIX KPHBBIX. 

TakuM OOpa3om, CTporoe pellieHHe CHCTeMbI JudpdepeHWHaIbHbIX YpaBHeHHH, 
ONMCbIBaIOWIMX KHHETHKY HAaKOIMJICHHA MpOMeXYTOUHOTO MpOAyKTa B peakIH- 
AX OKHCJICHHA C KBapaTHUHbIM OOPbIBOM Lene NO3BOAeT OObDACHHTb HaGw10- 
WaeMble Ha OlbITe MepHOAbIl HHAYKUMH HW MOHATb 9PPeKTHI HadaIbHOrO CTHMY- 
JIMPOBaHHA STHX TpPOLeccos. | 


Tlocrynuio 
22 XII 1957 


UMTHPOBAHHAH JIMTEPATYPA 


"HH. M. Omanysa, WAH, 102) Ne 3) 559 (1955). 79) Al Bawmo epi 
H. M. Omauy 945, UW38. AH CCCP, OXH, 1957, 274. 8H. M. Smany9ab, KOX, 
30, B. 4, 847 (1956). *H. M. Omanmyoms, UAH, 11, Ne Gy a2se acer 
Pape Me) 2) M avHiyi9 vInb eo er Baio M-6/e/pip, J MySims, eB eellseKecienatar 
HAH, 119, Ne 6 (1958). °H. M--~@mManyoaby JAM, 110) We 29245-71966) 
"HH. H. Cemeunos, Lenupre peaxuuu, 1934. § E. T. Menucos,H. M. IMauHy- 
ab, KDX, 31, B. 6, 1266 (1957). °° E. R: Bell, Ho Raley etoaly Dicom Parade 
Soc., Ne 10, 242 (1951). 2° T. Kotrpeaa, pounocts xumuyeckux cpa3ei, WJI, 1956, 
eTp. 264 J) S. N. Foner—k. L. Hiudsem J, Chem | Phycie2s loa loso) 
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Jloxnann Axangemun Hayr CCCP 
1958. Tom 120, Ne 4 


PHSHYECKAH XHMHA 


JI. Ji. MAKAPOB u 10. [. BJEACOB 
TEPMOAWHAMHKA TBEPJIBIX PACTBOPOB CsCl — RbCl MPH 25° 


(ITpedcmaeaexo axademukom A. H. Tepenunoim 27 XII 1957) 


PeHTreHocTpykTypHble ucceqoBaHua (1) Hu KpucTanmorpapuyueckne xapak- 
‘epHCTHKU (THI pellleTKH, paSMePbI HOHOB) MOSBOMAIOT OKULAaTh OFPaHHYeHHYIO 
te HHU3KHX TemMepaTypax cMelmMBaemocTb CsCl c RbCl. B nactosmeli pa6ore 
JIA OMNpewesleHHH TpaHuIl CyulecTBOBaHuA TBepJoro pacTBopa CsCl1—RbCl 
i HSYYCHUA ero TEPMOAMHAMNUeCKHX CBOHCTB Oblvia HCCIeEOBaHa CucTema CsCl— 
RbCI—H,O npu 25°. SkcnepuMenTabHble MaHHble HM pesybTATbI TepMOAUHA- 
TM4eCCKHX PaCUeTOB, BHINOJIHCHHBIX B COOTBETCTBHH C COOoTHOWeHHAMH A. B. Cro- 
oHKHHa — M. M. Ulyapua (*), mpegzctaBsenpr B Ta. 1, rye uepes m o6o3Ha- 
ie KOHIeHTpalMaA B MOAX Ha 1000 r Bod; x — MouApHasd Noma; Py— WaB- 
€HHe MapOB BOI Hall paCTBOPOM B MM PT. cT.; / —pallMoHabHBIN Koadu- 
KMCHT AKTHBHOCTH B TBepyOH dase limf — |; yy. — cpeqHHH HOHHBIH 
Kore | 

tospPHUHeEHT AKTHBHOCTH B BOJIHOM paCTBOpe MpH YyKa3aHHbIX KOHI[eHT- 
aUWAX Mescr HW Merci; D2.— KosPPuUMeHT KPHCTaIIM3alNH, ONpekeAembil 
[ COOTHOIMeHHA: me rae uHekcpl H | u 2 OTHOCATCA COOTBETCTBEHHO 
k BeIILeCTBY-PaCTBOPHTeJIO H PaCTBOPEHHOMY BelleCcTBY B TBepJon cbaze (pacTBo- 
HTeJIeEM B TBEPJOM pacTBope OyJeM Ha3bIBaTb BeLIeCTBO, COJlepKalileecA B OOJIb- 
is KOJIMUeCTBe). 

JA NOCTHXKeHUA COCTOAHHA PABHOBeCHA MEXAy %KHLKOK Hu TBepJoH dasamu 


SIU HCMOJIb30BaH paspa6otanHpi B. I. Xaonunpim (°) metox H30TepmMuye- 


Warm Al 


CoctaB KUAKON dasbl CoctaB 
| TBEPA. 
ashi D934 PHO FCsCl Y+CsCl FRbCI Y +RbCI 
| 7@RDC1 M@sCl 2D El 
WS 10-3 1,000 0,05 VW ey? 8,6 Os f Weo Opa) 
7,46 0,66 0,996 0,005 17,60 leo 0,41 0,99 ORal 
7,06 1,60 0,985 0,06 NPR G7 0,505 4,00 0,966 
| 6,76 2526 0,982 0,05 47 O4 8,9 O, Sule 0,99 0,566 
| 6,45 Oh 0,977 0,05 16,83 8,6 0,012 1,00 0,568 
| Ali 3,49 0,970 0,05 16,64 8,9 Onong 0,99 0,570 
Dp 4,04 0,966 0,05 16,41 Oma 0,518 0,99 0,571 
| 0,04 5,04 0,956 0,05 16,07 iS) Ooi 0,99 0,570 
02 6,16 0,944 0,05 15,66 Om) 0,516 0,99 0,576 
| 4,06 1619 0,914 0,05 15,08 8,6 0,516 1,00 0,570 
30) 8,36 0,891 0,06 14,88 Ves OZ, AmOA Oa ayil 
4,14 9,10 0,789 Oj 14,62 8,6 0,514 0,99 Ons 
4,09 9,02 0,094 O22 Ne: OS 0,98 0,514 WD o 0,574 
Bae 9,50 0,037 O12 14,65 0,98 OSH 7 Zul 0,615 
2,65 9,86 0,042 ORIG 14,81 0,99 ©), oty 14,8 0,615 
1,28 10,76 0,012 0,410 15,28 0,98 0,512 AO, Th 0,490 
re 11,41 0,000 0,16 15,61 1,00 0,516 Ae OnD73 
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CKOFO CHATHA MepecsiteHHa c nocmeLyIoulaM JvinTembHbM (10 yac.) mepemelliH- 
paHHeM. TBepaa tba3a aHaJIH3HpOBallacb MO MeTO]y Ilpetemakepca. B we- 
WAX avaslW3a MCHOUb30BaIHCb palkMoakTHBHBIe u30ToME! Rb*° nu Cs***. Yupy- 


KaN/MONIb 


Rb(Cs)CU | Gs(Rb)CL 


4 


-20 
8 
I-49 
- 60 
We 006 0 = 0% dB 
od (aS 


Puc. 1. Cao6ogqnan 9Heprua OOpas0BaHHa TBEp- 
Aix pacTsopop CsCl—RbCI mpu 25°. a— 
xA2ogc,, O— (1 —¥) At ppcr 8 — A® 


pasBeeHHA OTHOCHTEJIbHO OJHOTO U3 
Ive COOTHOIMeCHHA: 


rOCTb MapOB BOJIbI Ha, pacTBOpaMH ON- 
pelemaacb H30MHeCTHYeCKHM MeTO- 
JIOM.SKCMepHMEHTAaJIbHBIe Pe3YJIbTATHI 
(ra61.1) noka3prBatoT,uTo CsCl u RbCI 
oOpa3yloT TBepAbIe PaCTBOPLI C Mpo- 
Geom cmeuMBaemocTuH oT 10,7 Jo 
93,3 mom. % CsCl (aTH npenempt cy- 
ILe€CTBOBaHHA TBeEPAbIX paCTBOPOB 
CsCI—RbCl paccuutprBatoTces Mo Be- 
muunue D,, U CocTaBy KHAKOH (a3bl 
B TpOHHOM ToUKe). 

Kak BuyHO H3 TaOm. 1, Koaddu- 
I[M€HTbl AKTHBHOCTH B HACBbILLeHHbIX 
BOJHbIX PpacTBOpax B Npeyesax oOn- 
60K OMbITOB OCTaIOTCH MOCTOAHHBIMH 
Ha BC€M MpOTA2KeHHH H3O0TEPMBbI pac- 
TBOpuMocTH. B cayyae KpalHero 
KOMMOHEHTOB HMEIOT MeCTO cJIeQYyIO- 


Y<csci(RbCl m=7,78) ~ Y+CsCl m=7,78° 


YsRpci(CsC! m=11,4) — Y+RbC1 m=7,78" 


B tTBepqou dbase Koo*pPHUMeHTbI AKTHBHOCTH KOMMOHEHTA-pacTBOpHTeA, 
ompefemarolero KPHCTaMyecKy!0 CTpyKTypy TBeporo pactBopa, Cc OoubwoOn 


TOUHOCTHIO paBHb efuHuUe. Kost- 
(PUIMeHTbI AKTHBHOCTH PaCTBOPeHHO: 


Ta6Onuna 2 


TO BellleCTBa COXpaHAIOT NOCTOAHHOEe, -samnen lGeaemege Bae. 
OTJH4HOe OT CAHHHIUbI, 3HAYeHHE, HO . 

A CsCl 
C OOJIbIUMMM OTKJIOHCHHAMH OT Cped- ak Gia dete 
Hero, YTO ABIAeTCA OCOGeCHHOCTHIO 
TIpHMeHeHHOTO MeTOa pacueta. 

Pe3yJibTaTbl KOHCUHbIX PpaC¥eTOB 0,000 oe) 0,0 0,0 
W3Me€HeEHHA XHMMYECKHX MOTCHIMaJIOB 0,020 | 1037 12,0 32,95 
Aucsc: & Aurpc: HW H3MeHEHHA CBO- 0,040 626 24,2 48,2 
6 bs 6 0,060 383 36,7 07,0 
OMHOH 93HEPpruH TMpH OOpasOBaHih 0,080 915 49,4 62,6 
TBeploro pacTtBopa CsC1—RbC] mpex- 0,090 145 56,0 64,0 
CTaBJIeCHbI B TaO. 2* nw Ha pyc. |. 0,095 113 59,2 64,3 

Buy nowyuenHoH KpvBol 3aBucH- hee ae er ee 
moctn A® or coctasa (puc. 1) moKa- : é ; ; 
3bIBaeT, TO OOpasoBaHHe TBeporo IIpo6en cmewmBaemocru 
pacTBopa Huet Mp ycwOBMH, ecm 0,933 44,4 67.0 42.8 

0,935 39,9 87,4 43,0 

eo 0,940 Oe 134 42,5 

OXe , 0,960 24,2 374 38,2 

0,980 4 0, 783 27,9 

re X_— MOJIAPHaA OIA pacTBopeH- 1,000 0,0 oe) (| R60 


HOTO BeULeCCTBa. 


Bonusu pan bl VYCTOHYHBOCTH TBEpHOro PpaCTBOPa HMeIOT MeCTO CJICTYtO- 


0AQ‘ 
( Ox ) ~ Hac 0, 


* IIpu pacuetax A® ncnowb3s0Banuch 3H24eHHA KOSulMeHTOB aKTHBHOCTH pacTBopeH- 


uve COOTHOIMeHUA: 


HbIX BelleCTB B TpOHHOH TouKe: ogc, = 8,6 HU fepc, = 18 


4412 


90» 


IW 


Auta Ape, 
TKy 1a 

Haci fe 

i Ive fa 

Hacg— fi 2a 

: fit fe 


JIEQOBATeJIbHO, COCTAB HAaCHIIILCHHbIX TBEPAbIX pacTBOpoOB x*@° onpesemneTca 
epe3 KOS@PHUMeEHTLI AKTHBHOCTH OO6OHX KOMMOHEHTOB. 


Jlenuurpafckui rocyqapcTBeHHbIt yHHBepcuTeT Tocrynuso 
um. A. A. )Knanopa 24 XII 1957 


UMTMPOBAHHASH JIMTEPATYPA 


= Ro ds Islay lene sSt, 1A MAC ihe, eC. Bileeikke, a. Wit, Cie Soe, 
B1(1925), 2A. B. Croponukun, M. M. Ulyanu, Becr. JITY, Ne 11 (1954): 
B. T. Xamonwu, Tp. roc. pagques. unct., 4 (1938). 
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Jloxnayn AkaylemMun HayK CCCP 
1958. Tom 120, Ne 1 


@PHB8HYECKAA XHMH# 


Crepan MMH uw Ansura ACTUIIEMBCKAA 


H3MEPEHHS JHOOEPEHIMAJIbHOU EMKOCTH J[BOHMHOTO 
3JIEKTPMYECKOLO CJIOA HA KATIEJIbBHOM PTYTHOM IJIEK TPOAE 
B PACTBOPAX KF, LiCl, NaCl 1 KC] B METHJIOBOM CIIMPTE 


(IIpedcmaeaeno axademuxom A. H. Ppymcuntorm 2 I 1958) 


B Hallux uccmeqoBaHHAX Mb CUHTAJIM OYCHb BayKHBIM BOMPOC, OKaSbIBaeT 
JIM pa3Had NOJApPH3yrollaA CHOCOGHOCTb HOHOB* BJIMAHHE Ha CTpyKTypy JBOH- 
HOrO 3JIeEKTpHyuecKOTO CJIOA MH Ha eFro 

utlem? €MKOCTD. 

ee Vi3smepeHua, IpoBeeHHbIe C BOHBI- 

MH pacTBOpaMH CoJIel WleJIOUHBIX MeTaJI- 
JIOB, WOKasaJIu, YTO RuddepenwMasIbHbIe 
€MKOCTH JBOHHOTO 3JIEKTpHY¥eCKOrO COA 
Ha Kale@IbHOM PTYTHOM 93/IeKTpoze B 
pacTBopax, cojlepxxamlux Hou Li*, Na‘, 
K*, pa3HaTCA He3HaYHTeIbHO HW pK 
: NoTeHivale oKkoIo —1,1B paBHEi OT 
15,5 qo 16,5 y F/cem?. Onn He3HadHTesIbHO: 
YB@JIMUHBAaIOTCA Mp YBeJIMYeHHUN TpH- 
Jlaraemoro moTenuMasa (?,”). 
fe YUHTHIBAA, ITO CKHMAeMOCTb MOJIe- 
KYJI METHJIOBOTO CHUPTa B MWIOTHOM YacTH: 
BOHHOFO SIEKTPHUeCKOrLO COA IPHMep- 
HO BTpoe OouIbIle CKHMAaeMOCTH MOUIe- 
KYJI BOJbI, MBI 1peANOJIOKHIM, YTO B3a- 
HMOJleHCTBHE HOHOB C 3JIEKTPOJOM B Me- 
THJIOBOM CnupTe OyeT cHJIbHee, 4eM B 
BOfe, a CiefOBaTeIbHO, slerue OyeT 
yIOBUMO JlelicTBHe pa3sHOH NOApUsy10- 
ue cnocoOuHocTu noHOB (3). 

Ha ocHoBaHHH H3MepeHHit, MpoBeseH- 
HbIX HaMH (MeTOX M3MepeHHii MBI OnH- 
cbIBaIM paHbie (*)) c 0,1 N pacrso- 
; pamu LiCl, NaCl w KF uc wacpyen- 
0 “186 HEIM (IpHOusuTenbHO 0,05 N) KCl p 

MeTHJIOBOM CIMpPTe, MOXHO 3aKJIIO- 

Dr Camlle Tuppepentnanbupie emKoctn pac- 4HTb, YTO Np ocTaTouHO Oovpwux 
TBopoB KF (a), LiCl (6), NaCl (6), KCl (2) orpwmaTembHEIX ToTeHIMalax, BBE. 
B MeTaHOWe€ B 3AaBHCHMOCTH OT NOTeHUHana coe 12 B, BBICTYMaloT pasmmuns CuOorm 
(puc. 1). | 

IIpuaraemaa Juarpamma 3aBucumoctu AuddepenwnasbHoli eMKOCTH OT 
NOTeHIHala MWOKa3bIBaeT, YTO BeMYHHA e€MKOCTH JWI 3alaHHol BennuHHED 
NOTeHIMaa TEM OOJIbILe, YeMj] MEHbIUE NOJIAPH3YIOUAaA CHOCOOHOCTh KaTHOHOR. 

* Tlonapnsytomjei \cnoco6HocTb1o ~HOHOB 


OTHOWeHHe 3apsaa HOHa‘K KBay 
LON erste Kaa 6! 
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v7 @aQA 


20 


] 


=k = 


, cormacHo Bopny u Tefizen6epry, mbt nasprBaem 
paty ero, paquyca. Bemunna ee paBusetca aust Lit 1,7, ana Nat 


V3 npvOmMsHTeIbHEIX H3MepeHHH CelyeT, UTO KATHOHEI, OGsaarouue ON- 
aKOBOH MOJAPHS3YrOlleH CHOCOGHOCTHIO, JOJUKHEI, IPH OAMHAKOBOM MIpHJIO%KeH- 
OM MOTeHIMMAaNe, BbISbIBAaTb oOpasonanne JBOHHOTO SJICKTPHYeCKOTO COA OLH- 
aKOBOH €MKOCTH. 

To oOcToxATebCTBO, YTO OTPHUaTeMbHaA BeTBb KpHBOH KCl mexuT HHxKE 
TpullaTenbHou BeTBH KF, cBa3aHo Cc pa3IMUHeM KOHIeHTpallui MpHMeHsAB- 
iuuxca pacTBopos. Kak moKka3aIu HaliM H3MepeHHA, OTPHaTebHadA BeTBb 
KPHBOH AuddepenlHasIbHOH EMKOCTH HAaCbIIeHHOTO,T. e. IpHOmHsuTeIbHO 0,05N, 
KCl npaxtuuecku copnayaer c oTpulatembHoli BerBbio 0,05N KF. 


Jla6opatopua aiekTpoxumuu BapmaBcKoro yHupepcuteta Hocrynuso 
Jla6opaTopua sneKTpoxumun Muctutyta d@usnueckoii xuMuH eee 


Ilonpcxow Akayzemun HayK 


LMTHMPOBAHHAA JIATEPATYPA 
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Jlokrnagn Akagemuu nayx CCCP 
1958. Tom 120, N: 4 


PHBHYECKAAT XHMUA 


WM. JI. POMX u UH. NM. BOJIOTHS 


MEXAHH3M BEPTHKAJIbHOLO PACIIPEHEJIEHHA H,0, 
HAJ| PACTBOPOM 


(ITpedcmaezexno axademuxom A. H. PpymKunoim 2 I 1958) 


B pa6ote (1) 6biuio ycTaHoBmeHO, YTO PoTOrpatuyeckH aKTHBHBIe YaCTHUbI, 
BbIJ eI AIOMLMeCA C NOBEPXHOCTH MeTAJIVJIOB pH aTMOC*EpHOH KOppo3HuH, YObIBAaIOT 
¢ paccTOAHHeM M0 SKCMOHeHIMaIbHOMY 3aKoHy. IlocKobKy yKa3aHHble YaCTHUbI 
mpeycTaBiaoT co6ol mowekysbt HO, (?*), MoxHO ObIIO OX%KULAaTb, YTO cyule- 
CTByeT TaK2Ke BePTHKaJIbHOe PpaclipeseleHve WIA MapoB NepekucuH BOOpoa, 
BbICIAIOWUXCH U3 pacTBopa. Jia NOATBepRAeHUA STOTO OOCTOATEJLCTBA ObIIM 
MOCTAaBJIEHbI CJIeLY!IOUHe OMBITHI. 

B KiOBeTY HaJIHBaJICH BOJHbBIM pacTBOp NepekucH BOJoOpora ompesemeHHor 
KOHIUeCHTPpallHi HM MO] MaJIbIM YIJIOM K MOBepXHOCTH paCTBOpPa NoMelllasacb co- 
TomiacTHHka. YCOBHA OMbiTa Opin cmenyroulue. PoTonsmacTHHKH H300pPTO, 
smybcna Ne 747, BbijepxKKa 5 MHH., HarpeBaHHe (oTOMMaCTHHKM MocwJe 3KC- 
mo3suuuu B Tepmoctate (°) 10 muH. mpu Temmepatype 100°, spemsa mposB- 
meuuad 3 MMH. UpH 20°, OTHOCHTebHaA BaXKHOCTh BO3RyXa B MOMeLeHHH 
na6opatopuu 62%, okpyxalolmjad Temmepatypa 20°. 

B pesyibTaTe OMbITOB OblJIa yCTaHOBJIeHa JIMHeHHaA 3aBMCHMOCTb To¥vep- 
HeHua D oT ee BbICOTEI 4 Hal NOBEPXHOCTbIO pacTBopa MepeKUcH BOROpoNa: 


D=—bh+A,. (1) 
roe b u A — nocTOaAHHHIe. 

Kpuppie Ha puc. | nomyueHbl B pe3ysbTaTe ycpeqHeHHA JanHprx 10 onp- 
TOB IPH MOCTOAHHOM BbIepxKKe. 

[lembio AabuHehwero uccieqOBaHHA ObIJIO BbIACHeEHHe MCXAHH3Ma BepTH Kallb- 
HOrO pacipemeeHHA UCnapstomelica us pacTBopa H2O2. Ecmu mpeamonox«ntTh, 
uTo MowekyJbl HeO2 pacnajaiorca Ha MbIIMHKaX BO38Iyxa, TO yObIIb MOeKYy 
mepekucu BoJoposa B OObeme dv JOJDKHA ObITH MPONOPUMOHATbHAa MepBOHAaYaJIb- 
HOMY 4HCJly MOJIeKyJI NB STOM OObeMe H UMCJy YacTHy MIM N,, BbIsbIBAIOMX 
pacnan: 

— dn = knN>p. 
Tak kak 
No = Np dU = fp san, 


(Te Np — YHCNO BHISbIBAIOMIMX PacNa yacTHIl Mb B eqMHUUe O6beMa), TO 
—dn=knnysdh, 


Orcioja 

—Inn=knpsh +C 
npy h=0, n=n, un C=—Inn. 
Torga 


es nye ae (2) 


Ypapyenne (2) NoKkaspiBaeT, YTO YACMO MOJIeKY NepeKucH BoJopoda yOpiBaer 
SKCNOHCHUMAJIbBHO C BbICOTOH Ha pacTBopoM. YpaBHenue xapakTepucTuyeckol 
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KPHBOH (OTOCOA AA WMHeHHOTO yuacTKa, NpU BbINOMHeHUM 3aKOHAa B3aMMO- 
3amectumocty (°), KoTopbili B 2aHHOM cyyae ompaBynrBaeTca, uMeeT BHI 


D =y (In Et — In E;t,). (3) 


B paoote (’) Obwio NOKa3saHo cymecTBOBaHHe MpsAMoit NponopuMoHabHOli 
3aBHCUMOCTH Mex ly YHCIOM BbILeAIOWMXCA 43 pacTBopa uacruy, H,O, u uncom 


YaCTHIL, MOMaaiouynx Ha tboTocsioh. Ha stom ocHOBaHHM MOXKHO CUMTAaTb, YTO 
Eek Yl. 


Torya D=y(Ink’nge "4 — In'k’n;t;), 


D =y(Ink’not — Ink’n;t; — knpsh). 
O6o3HauHuM 


Az vy In sae - Leavis: 


, oe 3 


Torga Nowyuyaem 


DS On A, (4) 


T. €. ypaBHeHHe, aHasoruuHoe (1), nosyueH- 
HOe ONbITHBIM NyTem. M3 ypaBueuua (4) cile- 
AyeT, YTO YroulI HakJOHA NPAMOH 3aBHCHT OT 
YHCIa UYaACTHIL MbiIM (fp). C yMeHblleHHeM 
YHCa YACTHIL MbIVJIM, BbISbIBAIOWIMX pacnay 
H,O,, yro) HakjoHa STOH MpAMOH K OCH 
aOcllucc yBeJIMUMBaeTCaA. 


| 3 4 5 Emm 
Puc. 1. Sapucumoctb novepHeHuA Puc. 2. SaBucHMOCTb novepHeHHaA PoTocoOA 
OTOCJIOA OT eFO BLICOTHI Hay Mo- OT efO BbICOTbI Ha MOBEPXHOCTHIO PacTEopa 
BePXHOCTbWO pacTBopa HO, Ana H.O2. J — B 3amblieHHOM Bo3yyxe, J/— B 
Ppa3JIH4HBIX KOHIeHTpalui m0- YACTHYHO OGECMbIICHHOM BO3yxe 
ce AHero 


Jia onpitHof MposepKku dopmyupt (4) ycraHaBJMBanacb 3aBucumocTh D 
oT A NpM 3aMbivieHHOM H YaCTHUHO OGECMbIICHHOM BO3Ayxe Hal, NOBEPXHOCTHIO 
pactBopa H,O,. IIpumensucb doToNJacTHHKH H300PTOXpOMaTHYeCKHe, CBETO- 
YYBCTBHTebHOCTh 0 TOCT’y 32; smybpeus Ne 3, BrrepxKa 4 Muu. JH 4a- 
CTHUHOTO OGeCIbIIMBaHHA BO3,yxXa HarHeTaeMbIMt HaCOCOM Bo3Ayx OUMMaJICA 
‘2JIEKTPOPUIbTPOM HM Nofapasica B cocyA, Te OblJIM MoMewjenb! PoTonmMacTHHKU 
M pacTBOp NepeKucH BOROpoOda. OKCNOSHUMA MPOW3BOAMacb Nocse OYMCTKU 
BoSLyxa B cocyfle. QnekTpoubTpoM CMYK MeTaIMYeCKHH WHIMHAp, M0 
OCH KOTOPOFO HaTATHBasIaCb MpoBoOKa, K KOTOPOH MOJBOAMJICA OTPULATeJIbHbI 
MosO0C MHAYKUMOHHOM KaTYIWKH; UNIMHAp 3a3eMJAJICA. QneKTpoduJIbTp pa- 
6oTa B O6acTH KopoHHoro paspxyza. Urobp u36exKAaTb NovepHenusA (choToMa- 
CTHHKM NOX JelicrBveM O6pasyloulerocaA B SIEKTPOUJIbTPe O30HA, OYHULCHHbIL 
BOSIYX NO NOCTYMIeHUA B COCYA MPOroHAJICA Yepe3 HArpeBAaTeJIb, B KOTOPOM O30H 
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nowBepraca Auccoumanun. [Ipexctapsenuble Ha puc. 2 pesyJIbTaTbI ABJIAIOTCA 
cpequumu 43 5 onpiros. SHayeHHs onTHuecKol MioTHocTH mpaMbIx / u I] Ha- 
XOMATCA B OGsacTH (bOTOMeTPH4eCKOTO HHTePBala, KOTOPbIH OblJI yCTaHOBJIeH 
CHATHeM XapakTepucTuyeckol KpuBolt. B cooTsercrBun c popmyviol (4) Mpamaa 
II, nowyyenHad B YaCTHYHO OGeCNbIIeHHOM BO3Lyxe, HeT Ooslee MoJIoro, 4eM 
{, CHATAA pH HaNHUMM MIM B BOSLyxe Hak MoBepxHocTbio pacTBopa HO. 

Takum o6pa3om, NOJIy4eHHble IKCNEPHMEHTAJIbHbIe AAHHbIe CBUETEJIbCTBYIOT 
O TOM, 4TO yObIJIb C BLICOTOH HCMapAIOWHXCA H3 PacTBOPa MOJIeKYJI MepeKHCH BO- 
opola cBa3aHa C HaJIMUMeM B BO3YXe YaCTHL MVM. 

CuynTaeM CBOHM MIpHATHbIM JOJITOM BbIpa3HTb OwlaroapHOCTb aKaj. 
A. H. ®pymkuyy, yka3aBIleMy H&M Ha BO3MOXKHOCTb OObACHCHHA BepTH- 
KaJIbHoro pacipefetenua H,O, pactayom nepeKucH Ha 4aCTHax MIN. 


Ojecckuii TexHOJOrMYeCKHH HHCTHTYT Tloctynuao 
um. HM. B. Cramuua 21 XI 1957 


IMTHPOBAHHAA JIUTEPATYPA 


1H. JI. Poi x, AH, 70, Nb 2, 253 (1950). *H. JI. Pox, 7. M. Pahaaos 
pu, JAH, 60, NM 4, 603 (1953). 3H. JI. Pofix, JAH, 64, N 6, 1117 (1954) 
4. w. Pox, JAH, 108, Ne6, 1102 (1956), = He Jl. Plowx, KOxX s30e peas 
954 (1956), ®°H. JI. Pox, 7. M. Pahbaaosuu4, Yep. xum. mxypn., 24, Ne 2, 
198 (1958). 7, HW. JI. Poti x, K@X, 31, Ni 9, 1959 (1957). 
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Jloxaanp Akagemun wayx CCCP 
1958. Tom 120, Ne 1 


PUBHYECKAA XHUMHA 


A. B. CABHILKHM xu unen-koppecnonzent AH CCCP 41. K. CbIPKHH 


KMHETHKA OKHCJIEHHA ®EPPOLWEHA HOOM 


PeakilMa TpeppalleHua eppolena B HOH *eppHIMHUA MpeWcTaBsAeT HH- 
repec, KaK IIpolecc Mepenoca aleKTpoHa B YCOBMAX pacTBopa. MexaHu3Mb! T0- 
JOOHBIX peakIMH HeEOAHOKpaTHO USYyUaJIMCh, oco6eHHO B CJTyuae OMHOHMEHHO 3a- 
‘pa2KeHHBIX HOHOB. Tak, HalpwMep, NpH W30TONHOM peakiwH Mexmty Fe" u 
Fe?* mponecc, BO3MOXHO, UeT C yuacTHeEM MOJeKYyJI BOAP, TIpeACTaBJI AIO X 
(lellb, TIO KOTOPOH MepeHOCHTCA SJIeEKTPOH (1-8). W3-3a Oombloro aIeKTpocta- 
THUeCKOTO OTTAIKHBaHHA OJHOMMCHHO 3apsKeCHHBIX HOHOB, peakUMA NOJKHA 
wTH Ha JocTarouno Ooubulom paccTtosHuN. Takue peakWMu MOryT XapakTepH- 
30BaTbCA MaJIbIMH TPaHCMHCCHOHHbIMM Kos PuUMeHTaMnH . 

B cmyyae 9IeKTPOHEMTpPasbHBbIX MOCK YUJI dbeppouena Fe(C;Hs)2 (B ylasibHel- 
wiem, CoKpaujeHHo, Fn) u fiogqa, MepeHoc SeKTpoHa MOET IIPOHCXOAMTb Ha 
MaJIOM pacCTOAHHH. 

EcrecTBeHHO MpeMMO0JI07KUTb Be BO3MO2XKHbIe CXeMbI NpOTeKaHHA peakUlHu 


eens oe ahs | 
he Cxema | 
Bae ba he 
UJI 


Rg aes LN 8 Grenae 


Fn + J —Fn* + J7 


B psye peakuni Obli0 NOkasaHo (4°), uro pacnag Jz Ha Ju J” B pac- 
TBope He HaOwlofaeTcs. B cpa3H c 3TuM cxema | Ooslee BepOsxTHA. MoxKHo 
MpeMOMOKUTh, YTO ky H kg — BeIMUMHEI OFHOTO NopAyKa. ITO OObACHHETCA 


HeYCTOMUMBOCTHIO pay\iKaJI-HOHa Jz, KoTOpbIli ObicTpo pearupyeT Kak C MOVIe- 
Kyo deppolleHa, Tak HW C HOHOM cbeppuunHns. Tak, Hallpumep, peakila 


QFe%t + 2J~- = 2Fe** + Je 
wyeT yepe3 cTaqHu 


Fett 4. oJ = Fett + Ja 
Ra 


ete eles Reread. 


= 5 

npuyem kg = 0,2 Rp (°)- Peaxuua Fe(CN)g ¢ 4oqM0M uyeT Mo alasiorHuHomy 
MexaHu3my; B aToM cayyae Ra —4,3 k, (8). Ecam cuntatTb, "TO Jz BMpo- 
tecce peaKI\MH He HakallIMBaeTCA, TO nouyuaeTcn Clefylowlee BbIParKeHHe 1A 


CKOpOCcTH OKHCeHHA deppolleHa. 
d{Fn*] _—2Riks [Fn]? [Jo] (1) 
dé. Ry (Fn*] + ke [Fn] ’ 
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KOTOpoe B culyyae ky ~ kg MpWHuMaeT BUT: 


d[Fnt] 2k; [Fn]? [Je] (2) 
dia, rare WED as 


rye [Fn], — HavasbHad KOHWeHTpaliua (beppollexa. 


Bo3MoXHO, YTO peakIlMA UAeT C MpeMBaPHTeJIbHbIM OOPasOBaHHeM MoJIeKy- 


JIApHoro coequHeHua FnJ,, B KOTOpOM (beppolleH ABJIAeTCA MOHOPOM S/eEKTPOHA. 
Ectb JlaHHble O CYUIeCTBOBAaHHM KOMIJIeKCOB (eppolleHa C rasIOMAONpou3sBoy- 
HbIMH yruiesotopoyos (7), XOTA H3BeCTHO, 4TO NocNeqHHe OOaLaloT 3HaUUTeIb- 
HO MeHbIUel CMOCOGHOCTHIO K OOPa3OBaHHIO MOJIEKYJIAPHbIX COCAMHEHHH C Mepe- 
HOCOM 9JIeKTpoHa, 4¥eM Ho. OSpasoBanne FnJ, Moxer oTpasHTbcs Ha PbopMe KH- 
HeTHUCCKHX KPHBBIX pH GoO/IbIUIMxX KOHWeEHTpaluAax ceppoweHa uw Hosa, KOrLa 
paBHOBecue 


Fn + J. 2 FnJ, 


3HAUHTeIbHO CMelleHO BUpaBo. Ecau mpomecc ugeT uepes oOpasoBaHue FnJ., 
TO OCOGCHHOCTb peaKIMH 3akOUaeTCA B TOM, uTO 1) FnJ, o6pasyerca 6e3 SHepruw 
aKTHBalluH, 2) Mp OOpa30BaHHH MOJIEKYJIAPHOTO COCAHHEHHA MOJEKYJla MOJIA- 
pusyetca u 3) mepeHoc seKTpoHa OT Peppollena K Hoy B MOJICKYJAPHOM CO- 
€HHeHHH MeT, BEPOATHO, Jerue, YeM pH OuMONeKYIAPHOH peakuuu. 

Oxucaenue dbeppolleHa oom u3yyadiocb Hamu B 93 wu 96%-HOMm cnupTe mph 
HauaJIbHbIX KOHUeCHTpalluaAx ceppolleHa, He MpeBpiiarwowux 10% mMomb-at 
uv up 15—50-KpaTHom u36nITKe HioJa B TeMMepaTypHoM uMHTepBase 5—40°. 
KouleHTpalluaA HOHOB (eppulluHuA oOMpememamacb cneKTpodboToMeTrpuH4yecKuM 
MeTOJIOM TIO MaKCHMyMYy Norsomenua mpu 619 mu Ha mpHOope CP2M B ycao- 
BHAX TepMocTaTHpoBaHHA. Ha oCHOBaHHM MOJIYYeHHBIX JaHHbIX yCTaHOBJIeHO, 
uTO IIPH M3ObITKe HOJa PaBHOBecHe 


Fn + 9/.J.<2 Fn* + Jay 


CMelleHO B CTOPOHY OOpa3soBaHHsA HoHOB. IIpu 25-KpaTHOM M36bITKe Hoda u mpH 
TemnepaType 25° papHopecHa KOHICHTPallua HOHOB (beppHUMHUA MpHOu3H- 
TeIbHO paBHa 98% OT HatalbHOl KOHWeHTpalluu ceppotleHa. Takum oOpas3om, 
CKOPOCTb OOpaTHOH peaKI[HH B YCJIOBHAX OMbITAa OTHOCHTeEJIbHO He BeIMKa, T0- 
STOMY €€ MOXKHO He YUHTHIBATS IPH H3SYYeHHU KHHETHKH OKUCeHHA (beppolena. 
Tlo6ounaad peakuna Hosa c pactBoputesem (*) He OKa3bIBaeT CyIIeCTBeHHOTO 
BJIMAHUA Ha XO OCHOBHOHM PeaKUHH, TaK Kak NOCJeEIHAA MpOTeKaeT 3HaUHTeJIbHO 
Opictpee. B ycoBuax oMmbiTa 6OsbiUad yvacTb tbeppoleHa OKHCIIAeTCA HOOM 
B TeYeHHe HECKOJILKUX MHHYT. 

XO], H83MCHEHHA KOHICHTPallMH HOHOB (peppHUMHUA B KaxKJOM OMbEITe onH- 
ChIBaeTCA YPaBHeHHeM 


d{Fn+] 
di 


= k ([Fn]o— [Fn*])?, (3) 


rye k —nocrosunad Benuuuna. Tipu u3MeHeHHu Ha¥aJIbHbIX KOHIWeHTpaunit 
(beppoleHa uw Holla xapakTep KHHeTHYeCKHX KPHBBIX COXPaHAeTCA, OLHAKO 
BeIM4HHa k MeHAeTCA MponopuuMoHanbHoO [J,],/[Fn],, rae [J,]o — Hauanbnaa 
KOHIeHTpalluaA Hoa (cm. Ta6a. 1). 

OnpiTHoe ypaBHenne (4) JWId cCKOpocTM OKNCeHUuA cbeppoleHa coBnazaer 
C ypaBHenuem (2), BbIBeeCHHBIM JIA MepBol CxeMbI peaKILHH: 


d [Fnt] ob k’ ({Fn] a [Fnt])? |Jelo (4) 
dt [Fn] . 
Takum o6pa30M, KHHeTHYeCKHe JlaHHbIe He MPOTMBOpeyaT MpelNooRKeHNIO Oo 
TPOM@KYTOUHOM OOpasoBaHHH HeycTOHUMBOTO pafuKaJI-HoHa a ee 
Suepruad akTUBAalHH WH MpeMSKCNOHEHUMAIbHEI MHOKUTeMb WA nepeuoca 
SN€KTPOHA OT (beppolena kK HoOMy oMpemenAIMCh rpacuyecku u3 TemnepaTypHok 
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Tea Or Hira 


Peakuusa depponena c fogzom B 96,5%-nom cnupte npu 25° 


Fn o> o t= J 
|e OnpITa. 107! eet 10-4 regis | rey ee ge AE 
4 0,463 (ols 256 19,3 
2 0,463 NDS 669 20,0 
3 0,463 Zed 4100 18,8 
4 0,925 150 Soo 20,0 
3) 0,925 Slo @) 508 hope 
6 0,925 Z 31,0 707 eed 
7 1,85 alo 58* 113359) 
8 1,85 AO) 178* PAN SP? 
9 1,80 Bila 0) 299 17,8 
40 1,85 31,0 300 17,9 


* Haliweno u3 HayaJbHOw ckopocTH peakuun. 


AaBHCHMOCTH CKOpOcTH peakilMu. SHayeHuA Rk, MpW pasHbIxX TemnepaTypax MpH- 
eJeHbI B TaO. 2. 
OnuiT JaerT Juin sHepruu axTuBanun 14,6 KKan-mMoumb 1 M WIA MpeqsKCNOHeHTAa 


*& 

1044 7-monp tcex™+ (AS = —5,85 xan. Momb !- rpam +). U3 coorsercrBy1ouero 
PyroBoro Mpolecca MOXKHO OMeHUTb . 

Hepruio COJbBaTallMu HOHa ceppu- TaOauna 2 
KMHMA. Ona JoWKHa ObITb Cove 3uavenuA KOHCTaHTbI CKOpocTH peakuUH 

0 xKauI-mMomb *. CpaBnutembuo GouIb- Fn - Je= Fnt+ Jo- 

asd 9HEPrsA COJbBAaTAaLLMM MO3BOUAeT 
[PCAMOOMKUTh, YTO MOMORKUTEMbHIM  Tewneparypa, | Kouu. pacrso- ibe 
4pa_ 9TOTO MOHA B 3HAaUHTebHOM .o BHO se PRR TE on a tiory ycoe 


‘TeNeHH HaxOWUTCH Ha aTOMe *KeEee3a. 
IIpeqaKcnoHeHT MaJIO OTJIMUaeTCA 


5,4 93 3,0+0,3 
IT OObIUHOFO 3Ha¥YeHHA. Hao uMmeTb 20.0 93 10; 62:1,2 
| BUY, TO eCIM peakUHA UeT Yepes 21,0 93 44,4 
fOIeKYApHoe coemuHeHHe FnJ,, To “58 He ay rea hy8 
ja0IoaeMad 9HeEPprus aKTHBallHu 95°0 96,5 bottle 


)ABHA HCTHHHOM, YMeHbINeHHOM Ha 
SeIMUMHY TenoBoro acdekTa peak- 
(MH OOpas0BaHHA MOJIeKYIApHOrTO coequHeHHA. Ha6sofqaemax suTponuA 
KTHBalMH B 93TOM clyyae paBHa CYMMe 9HTpPONMH peakUMH oO6paso- 
AHHA MOJICKYJAPHOTO COeCAMHEHHA HW SHTPONMM aKTHBAalMH peak, CKO- 
OCTh KOTOPpOH u3smepseTcaH. CieqyeT yka3aTb, YTO MPM peakUMAX TMepeHoca 
JICKTPOHA Mey OMHOMMCHHO 3apAX%KCHHBIMA HOHAMH SHTPOMMA akTHBallMn 
OCTHTaeT 3HAUYHTeIbHBIX OTPHMAaTeIbHbIX 3HaveHHii (°). B naillem cmyuae yc- 
(OBUA MepeHoca SIeKTPOHA, MO-BHJMMOMY, COBepUIeHHO pyre, WM HeT NPHUHH, 
OTOPHIe OOYCIOBIMBAIH Obl HH3KOe 3HaAYeHHe MpeSKCIOHEHTA. 


WuctutyT TOHKOM XHMHYeCKOH TeXHOJIOTHH Ilocrynuso 
um. M. B. Jlomonocosa 14 I 1958 


IMTHPOBAHHASA JIMTEPATYPA 


i TarinMe ts, Alec. Wah), Jo (Am.Chem. Soc. 70, 4153, (1953)..* Joan t.d irs, 
._W. Dodson, J. Am.Chem. Soc., 78, 911 (1956). *® F. S. Dainton,G S. Lau- 
ence, W. Schneider. D. R. Stranks,M. S. Vaidya, Internat. Confer. 
| Radioisotopes in Scientific Research, Paris, 1957. fp Geno Oa Wises Plaeutdecaiiptuad. 
. R. Williams, J. Am. Chem. Soc., 77, 2953 (1955). SOA Je Pand sie. W. 
y kes, J. Chem. Soc., 1952, 119. 6C. Wagner, Zs. phys. Chem., 113, 261 (1924). 
J.c. D. Brand, W. Snedden, Trans. Farad. Soc., 53, 894 (1957). ® A. Bat- 
ey, Trans. Farad. Soc., 24, 438 (1928). 25Be lds eZanvw Onloimn Ss. k jou me ean caltis® 

. Eyring, Chem. Rev., 55, 157 (1955). 
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Jloxuagm Akagemuun nwayk CCCP 
1958. Tom 120, Ne 4 


PUBHYECKAA XHMU$ 


M. B. CMHPHOB x B. A. YEMESOB 


PABHOBECHbIE NOTEHIMAJIbI WHPKOHUS B XJIOPHHbIX 


PACHJIABAX 
(IIpedcmaeaeno axademuxom A. H. Ppymkuneim 2 I 1958) 


B muTepaType OTCYTCTBYIOT paOoThl, MOCBALICHHbIe H3YYeHHIO PaBHOBeCHBIA} 
NOTCHWHaIOB MeTaJIJIMYeCKOTO WHPKOHHA B XJOPHAHEIX pacmiaBax. B ofHor 
u3 paOoT Hallel ma6opatopuu (1) Obima ycTaHOBMeHa 3aBHCHMOCTb BesMUMHb] 
PaBHOBeCHOrO MOTeHLMasla TOPHA OT TeMMepaTYPbI HM KOHILCHTPallMH ero HOHOE 
B XJIOPHAHBIX pacnmaBax. ITloka3aHo, 4YTO MeTasIMYeCKHH TOpHl BOCCTaHaBAH | 
BaeT B TaKUX pacmwiaBax MoHbI Th** no Th?*. Moxxo OpiI0 oxKNaTb, YTO ana’ 
JIOTHYHOe BOCCTAHOBJIeEHHe HMeeT MECTO HM y APYIHX YeTLIPECXBaJICHTHBIX KaTH- 
OHOB osrpyunp Ti. Ja mpoBepKH MBI MpOBeJIM CielMaIbHble OMBbITHI. ) 

B momM6yeHoBbIit THremeK 3arpy Kau MpeiBapuTebHO OOpadoTaHHy!0 CYXUM 
XJIOPHCTbIM BOJOPOOM CIJIaBJIGHHYIO SBTCKTHYCCKYIO CMCCb XJIOPHOB JIMTHA H 
KaJIMA, K KOTOPOH ObiIO OOaBeHO OlpeesIeHHOe KOJIMYeECTBO TeTpaxJOpHpé 
WHPKOHHA (TeTpaxJIOpH WHPKOHHA MPHTOTOBIAIH XJIOPHPOBaHHeM TeCHOL 
cMeCH JBYOKHCH IMPKOHHA C yrvlepotoM B Toke xsiopa. IIpoqyKT peak NOL: 
BeprasIH TpeXKpaTHOM BO3TOHKe JIA OUMCTKH OT cuIeOB AByOKHCH yrseposa). 
Turesek KpenuJIM Ha MOJIHMOJeHOBOM CTep>kHe HM NOMellaIH B KBaplleBy!0 Mpo- 
OHpKYy, 3anMOJIHeHHy!0 aproHoM. Oco6oe BHHMaHHe ObIIO yeeHO THLaTeJIbHOH 
OUMCTKe aproHa OT CIeMOB BularH, a30Ta HM KuCNOposa. IlpoOupKy BcTaBiAIH 
B MaCCHBHbIM MeTaJIJIMYeCKHH OOK, CJyKHBIHH TepMoctatom. Ero HarpeBaJiu 
B IICKTPHYeECKOH MeYH CONPOTHBJICHHA C ABTOMATHYeCCKUM PeryJIHPOBaHHeM TeM- 
MepaTypbl, KOTOPy!0 MOXKHO ObIvIO NOAepXHBaTb MPH 3aaHHOM 3Ha4eHHH M0- 
CTOAHHOH B Ipefetax + 1°. B comepoli pacnaB Norpyxadu 31eKTpOy u3 WHp- 
KOHUA, MPHFOTOBJeHHOFO HOAMAHbIM crocoOom. Metas meped ONbITOM B3BelH- 
BaIM. 3a XOJOM BOCCTaHOBJICHHA HOHOB B pacmvlaBe cleus MO H3MeHeHHIO 
NOTCHIMaIOB WHPKOHMeBOrO H MOMHOZeHOBOrO (B KavecTBe KOTOPOTO Cy KI 
THesb) SeKTpOLOB. TloTenHWMabI U3MEPAIH OTHOCHTEMbHO XJIOPHOTO 3JIeKTPO- 
Wa, KOTOPbIM HaXOJMJICA B KBapWeBOH MpOOupKe, HaNMOJIHEHHOM COueBbIM pac- 
MJ1aBOM Toro 2e cocTaBa. Bo u30exXaHHne B3aHMONeHCTBUA HOHOB WMPKOHHA HH3- 
KHX BaJICHTHOCTeH C KBaplleM MpoOupKa Oblla NOAHATA Ha yYpOBHeM 3IeKTPO- 
Juta. KOHTaKT C HHM OCYUIecTBAAICA NocpeqcTBom cbuTumeobpasHol ac6e- 
CTOBOH AMadparMel, NOTHO 3aKPbIBAaBIel OTBepcTue B LHe MpOOHPKH C XsOp- 
HbIM 3IeKTpOOM. Konem ac6ecroBoro (uTHAbKa Obl NorpyxkeH B pacmias. 

Ha puc. | mpeacrapnenbi rpadwyecku pe3yJIbTaTHI ABYX OMBITOB, MpoBeseH- 
HBIX mpH 560 wu 585°C. B o6onx cayyanx pacnmaB cosepxKan 2,27 pec.% Zr. 
Kak BUAHO, BHaYale MOTeHyHaN unAudpepeHTHOrO MOMHOeHOBOTO B1eKTPORa 
OblI MOMOAKUTeMbHee WupKoHUeBoro. Ilo mepe BoccTaHOBJeHHA NOTeHWMasEl 
OOOUX XJOPUNOB COMM2KAIMCb HM B KONIC KOHIOB CTaHOBHJIMCb PaBHbIMH, JOCTH- 
THYB IPH 9TOM MOCTOAHHOM BeIMYMHbI. ITO CBUETEIbCTBOBAaIO O JOCTHKCHHH 
PaBHOBeCHA peakIHH BOCCTaHOBJICHHA: 


4 yaa 
Zr, + heen ETO gat 


JleictBurenbuo, IIpH  PpaBHOBeCHH MOTeHIMa WMPKOHHeBOFO SeKTPOMa OT- 
HOCHTCJIbHO HOHOB BBICIUeH H HH3IlUeH BavleHTHOCTeL 


0 RT RT 
EG = EZ zZr -|- oF In Az 3+ = EXeizet + oF In Qzrit- 


JUKEH ObITb PaBeH OKHCJIHTCJIbHO-BOCCTaHOBHT@JIbHOMY MOTeHILHaJly CHCTeMBI, 
TOPHIM MpPHHHMaeT uHTudpepenTHbI MOIHOeHOBLIi SMEKTPOL: 


OF ct 


Ts 
Ee => Ezz p04 = o- n 


O7 p+ 


To, TO B pe3yJIbTaTe BOCCTAaHOBCHHA B pactllaBe oOpa3yetca B NOdaBwA10- 
€M KOJMYECTBE ABYXBaJICHTHBIM WHPKOHHU, Cleyer u3 yORIH Beca WMpKO- 
MeBOrO 3/IeKTPOJa HM BO3PaCTaHHA KOHIeHTpa- 
MM IWHPKOHHA B pacnuaBe. B npeyemax Bo3- 
(O2KHBIX OIUMOOK H3MepeHHii (HeECKOAbKO MUUJI- 


K MO/MEHULOMEMYLY 


SJ 


a 
(Soosssessy 


Sooctyssrs 
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SUSEHEEET SSeS 


SS 


SCONCES 


SOOMUMN ESSE 
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ALAN CAS SAGA AL KRUL ERECTA FREER ESR UEE 
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 SWARAA SEARS Avo sa wuenaeeuENt Ne tet tees 


A eaweenennnveene 


Ss 


fomenyuan omnocdmeteia xnoproeo anekmpooa 


i i 


0 Bil) 60 40 120 mun. 
Bpema 

uc. 14. U3meneHve NOTeHIMaJIOB UMpKOHHEBOrO H MOJIK- Puc. 2. Auetika Ana w3MepeHnii. 
SACHOBOTO dJIeEKTPOJOB MO Mepe BOCCTaHOBJeHHA J — mpo6upka 43 kBapleBoro cTek- 
woHOB Zr4+ no Zr?+ B pacnuaBe ya, 2——Tepmonapa, 3 — mpo6upKa 
H3 KBapleBoro cTeKa, 4 — xsop- 
HbIH QCKTPOA, & — MOJHODeHOBbIN 
[M4rpaMM) KOJIMYeCTBO IWMPKOHHA B paciviaBe THreneK, 6 — pees 1 gat (PUTHIb, 
7 —cojlepow pacimas, 8 — nopo- 

/BEJIMUHBaJIOCh B JIBa pa3a IO CpaBHeHHto C WOK WHpKORHA 


[CXOJHbIM, KOra NOTeHIMabl WHPpKOHHeBOrO 
| MOJIMOZEHOBOFO QJIEKTPOJOB CTaHOBHJIMCb 

JABHBIMH. B suTepaType JUXJIOPHA WHPKOHHA ele He ONMucaH. JInub B OXHOK 
(3 HeflaBHux pador |?) cooOmaeTcA O NOMyIeHHH TPUXJOpHa WapKonHA. Pac- 
(MaBbI C MHXJIOPHAOM WHPKOHHA OOJlalaloT CHJIbHO BOCCTAHOBHTEJIbHbIMU CBOH- 
TBaMH. OHH B3aMMOJelCTByIOT co cTeKom Hu dapdopom. IIpu Kontakte 
BO3KYXOM B HUX ObICTpo OOpasyerca TOHKad B3BeCb ZITO. SacTHIBUKe Cose- 
ble CMecH, CosepxauHe ZrCl,, pasaraioT BOLy C BbifeeHveM BoJoposa. 

Hocse BEIABJICHHA MPHpOsbI HOHOB UMPKOHHA, MPHCYyTCTBYIONINX B XJOpHy- 
bIX PaclwlaBaxX IPH PaBHOBeCHH C MeTAaJIJIOM, ObIJIM H3MePeHbI PaBHOBeCHBIe 
OTeHIMaJIbl UMPKOHHA B WHPOKHX MHTepBalax TemMepatypyr (400—820°C) 
| KOHWeHTpauun (oT 0,0 no 24,9 Bec. % ZrCls). 

Usmepenna mpon3Bosusu B AYeHKe, yCTPOHCTBO KOTOPOH CX€MAaTHUeCKH H30- 
paxkeno Ha puc. 2. B KayecTBe HCXOAHOTO 9MeKTPONMTa CJlyKMJa PaciaB- 
@HHad 2BTCKTHYCCKAA CMCCb XJIOPHAOB JIMTUA MU Kalua, COMep Kalla A3BecTHOe 
OMYeCTBO TeTpaxsOpHa WupkKOHuA. B MomMOQeHOBbI THredek Momellanu 
OJIEBYIO CM€Cb WH MOPOIOK MeTaJMueCKOrO UMPKOHHA, KOMYeCTBO KOTOPOroO 
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A+ 
B HECKOJILKO pa3 IIpeBbllvaso NOTpeOHOe AIA BOCCTAHOBJeCHHA HOHOB LY AC 
Zr2*. OrMeIbHOTO WHPKOHHEBOTO JeKTPOAa B paciiiaB He BBOAMJIM, TAK Kak IIpk 


JOCTH2KCHHH PaBHOBeCHA MOTeHIMaM MOUMOLeHOBOTO SueKTPOa CTAHOBUJICS 

PaBHBIM Mo BeJIMYHHE PaBHOBEC-hy\ 
i ; HOMY MOTeHIHadly WAHPKOHHE-|'\) 
Boro SuleKTpofa. BTOpbIM Su1eK- 
TPOMOM AUCHKH Obi XJIOPHBIH,|\|| 
ycTpolicTBo KOTOporo oONHCcaHO 
pple. OS. J. c. AveHKY U3Me- 
PAUIM BEICOKOOMHBIM MOTeHILHO-| | 
mMetpom Tuma IIIITB-1. 3a Jo- 
CTOBePHY!0 BeIMYMHY Opadiu Ty, 
KOTOPad IPH 3aaHHbIxX YCJIO-) 
BHUAX MpOOJKUTeMbHOe BPeEMAitH 
(He MeHee 1 uaca) ocTaBaJlacb 
TlOCTOAHHOHW B mpemesax 


fC 


s 


oo“ 
SS) 


JAC AyveuKU 


~~ 
So 


< 


HbIX BO3TOHOB XJIOpHa WHPKO-' 
HUSA W3 SleKTpOMMTa He HaOJ0-}" 
700 600 500 00 = 0°K «anocb. Tipu Oonee BpicoKux}! 


Puc. 3. TemnepaTypHad 3aBHCMMOCTb 9. J. c. AYeHKH KOHMEHT Palla 
C paciiapom, cofepxamum 13,95 Bec.% Zr2+ (1), 4,44 paX HauHHaJin CKasplBaTbcA MO— 
Bec.% Zr2+ (2), 1,41 Bec.% Zr?+ (3), 0,26 Bec.% TePH UMPKOHHA H3 pacilaBa. 
Zr?+ (4), 0,03 pec.% Zr2+ (5); Touku, O603HayeHHbIe Pe3yJbTaTbl H3MepeHH 
TpeyrOJbHUKOM, Pie oe Heh Ziel eS Bpacnape —_9. J.C. IpH pa3sHbIxX TeMMepaty pax. | 
IIpe€ACTaBJICHbI rpaduyecku Ha 

puc. 3. Jia KaxkOH u3 HCCMeEROBaHHbIX KOHUeCHTpalWH IKCMePHMeHTAaJIbHbIe th 
TOUKM YKJlaQbIBalOTCH Ha TIIPAMBIX, KOTOPbI€e MOMHO BbIPpaSHTb CJIE AY FOULUMH. | | 
S9MIIMpHueCKUMH ypaBHeHHsAMH: 
Ha puc. 4 npeycTaBJieHbI H3OTEPMBI 9. Jl. C. 


npu 700, 800, 900, 1000 u1100°K, mocrpoex- ROME Zhi» 1-108, 

Hbl€ Ha OCHOBaHHH HaliIeHHbIX TeMMepaTypHbIxX 24, 90 2,442 — 6,28 
3aBHCHMOCTeH 9. W. C. WIA WCCeROBAHHbIX 7,90 2,456 — 9,94 
KOHI€HTpalwH UHpKOHHA B 9dIeKTpOTHTe — peer 
(MOJIbHad youd Zr?*: 8,33-10°%: 7,73-10 4: 0.05 2.519 — 4.78 


42h 1LOr se tbh 100 dam A 74-107) Lie 
MOJIbHO-JOJIEBLIX KOHICHTPpalluaX UWHPKOHHA BbIWe 10° u30TepMBI 9. A. Cc. Uped- | 
CTaBJIAIOT COOOH MpAMbIe, HaKJION KOTOPbIX OM30K K BeauuHHe RT /2F, oco- 
6eHHO pH BbICOKUX TemNepaTypax (BbIIe 1000°K). Sto eme pas noy_TBepx- 
NaeT, UTO MPH PpaBHOBeCHH C MeTaJJICM MOWaBJIAIOULee KONHUECTBO UMPKOHUA | 
B pacniaBe HaXOJMTCH B (OpMe JBYXBaJICHTHEIX HOHOB. Mpr u3smMepusn 9. J. c. 
AUCHKU C PaClMaBJICHHO! SBTEKTHUECKOH CMeCbIO XJIOPHAOB AHTMA M KaJIMA Ges: 
RoOaBku TeTpaxsopuya wupKonus. [pu sTom OpiiM NOsyueHbI Take Ke BeMUH- 
HbI NOTeHWMAaJIOB, KaK MW B CJlyuae paciaBa, comep»xkamero 0,05 Bec. % ZrCle. 

CreloBaTeIbHo, KOHICHTPalMA UMPKOHHA B Mpuseraiomwem K HeMy cJl0e 
pactilaBa, KOTOPad yCTaHaBJIMBaeTCA B Mpollecce CaMOpacTBOPeHHA MeTaJa, 
mpespiuaeT 0,05 Bec.% ZrCle. Wmenno 9sTuM u OObACHAeTCH KaxKyeeca BbINA- 
ACHHE SKCHEPHMEHTAJIDHbIX TOUCK Ha USOTePpMAX 9. Jl. C., H3MEPCHHBIX B pacivia- 
Bax C HH3KOM KOHUeHTpaltwelt WupKonNA. Ilo ONBITHEIM aHHbIM BUHO, YTO paB- 
HOBeCCHaA MOJIbHO-JoleBad KOHMeHTPanuAa Zr?* B MpHseKTPOHOM cyIOe S7eK- 
TPOWMTa, YCTAHABMBAIOWaACA 3a CYeT CaMOPaCTBOPeHHA MeTaJa, paBHa IpH- 
mepHo 3-104. 

Hanmenbinni pas6poc Touek HaMM Oxi MOsyYeH B OMBITAaX Cc pacilaBom, co- 
AepxKainum 24,9 Bec. ZrCl,, uro, Mo-BUMMOMY, CBA3aHO c Gomee TOUHLIM (puk- 
CHPOBaHHeM KOHUEHTPallMH WH C MCHbIUMMH OTHOCHTCJIbHBIMH H3MeCHeHHAMH ee 
3a BPeMA H3MepeHHH. Q. J. C. AUeUKH C 3THM SCKTPOJHTOM MeHAIAach cC Temme- 
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jATYpOH Mo SMMMpHyuecKOMy ypaBHeHHto: 
| Sue = (2,442-=6,28 10 47) + 0,004 a: 


| B u3Mepxemyto BeMUMHY 9. I. Cc. Hapay c SJIEKTPOXHMMHYECKOH Pa3sHOCTbIO 
PPTCHIHAIOB BXOQMT OOpaTHad eli No 3HaKy TEPMOSeEKTPOABHKyIaA CHJla 
P2Ky MOJIMOZeHOM M yruleM (XOpHbIit sneKTpoy). 

Kak mnoKka3asnu MpOBeJeHHbIe B Hale saOopaTopuH uccneqoBaHua, oHa 
fPhstetca c TeMMepaTy pow COracHo ypaBHeHMIO: ¢, = (— 0,008 + 0,17- 10747) + 
};0,001 8. Takum oOpa30m, uckomas BennunHa 9. J. c. ee 


e = (2,464 —6,11-10 47) +0,005 sz. 

y Orcioqa Mox%KHO paccuNTaTh BemMunMHy EY,)7,2, BXOJALLYIO B TePMO]MHaMu- 
ie: ypaBHenue Ws eo NOTeHUMasa UMPKOHMA B XJOPHIHbIX pac- 
maBpax: E = Exe zet + an Qz,+. Ilonaraa, uTo pacnmas c 24,9 Bec.% ZrCl, 

pleT ceOA KaK MJleaJIbHbIli pacTBOp, Momyuaem 

Foci =(— 2,434 + 7,42. 10°*7) + 0,005 zB 


HOCHTeJIbHO XJIOPHOTO SJIeKTpOa cpaBHeHHA. 

M13 paHee onpeyemeHHot BemmunHb! E ppp (4) MOXxHO HaliTu pasHully Mex- 
Hy NOTeHIMalaMM BbIAeeHHA TOPHA H WMPKOHMA W3_XJIOPHAHIX pacmaBoB paB- 
pIX KOHWeHTpaunn: Erp = Ezr= b 
-(— 0,80 + 3,55-107% T)s. 22 


| 


. 


N 


POC A4euKu 


S 


&S 


AK BYJHO, TOpHi  Oovlee 
IeKTPOOTpuaTeseH, YeM WMp- 
youuu. Tax, up 1000°K on 
JOKEH OCaKLaTbces pH MOTeH- M 
Masax wWpuMepHo Ha 0,44 B 
Jee OTPHULATeJIbHBIX, YeM WMp- 
HMM, eCJIM, KOHEYHO, Mpottecc 
WIeKTpOJIH3a He OyeT OCO*K- 
PATBCH o6pa30BaHHeM Ha KaToe 
| aBoB. 43 TemnepaTypHoH 3a- 
McuMOCTH 9. J. Cc. suelKH: 
r/24,9 sec.% ZrCl,, KCl, 
HiClpacnn | Cle, C MomHO paccuH- 8 
ATb H3MeHeHve H300apHoro M0- 
pHitvasia AZ mp peakuun oOpa- 
OBaHHA pacnaBseHHOrO JUXJIO- 
ala HMpKOHMA U3 93JIEMeCHTOB: & a Aas * anes " pias a aes 
por +Clo, = Zr Cle. ecu Tpez- fe Monoaaa Gona tr @ pacnnabe - 
ONO%KUTb YTO pacrBopHI ZrCl, 
| pacniiaBsennoli sprextuyec- Puc. 4. Sippy soneee oh oe 
OM CMeCH JIMTHA MW KaJIMA BeyT iii Sc Gantry ——- 
eOA Kak HJeaJIbHbIe BIVIOTh J[O YMCTOH paciaBJIeHHOH COV: 
| AZ = (— 112 300 + 31,82 T) +230 Kan / mom. 
_ Orcioya TensoTa oOpasopanua xUUKOrO AuxXOpuja UnpKonua AH = 
=—-112,3 KkKan/MOb, a wgmMeHeHHe 9HTponMM px peakunn AS = 
=— 31,82 kKxau/rpaq-mMomb. Ha ocHoBaHHn wMTepaTypHbIX JaHHbIx (°) no 


TaHWaPTHbIM BeCJIMYHHAaM SHTPOMMA MeETaJIJIMYeCKOrO UMPKOHHA HW xXJIOpa H3 
ali /[eHHOH BesuunHbDl AS MoxXHO PpacCu¥uTaTb CTaHapTHylO BeJIMUHHY SHTPONHu 


“Koro Auxsopugza ‘WwapKouns Sznci, = AS + S7Z-, + Stis,. Ova momyuaercs 


aBHonw 30,67 Kas/rpay:MoOuJlb. 
Jla6opatopuHa anexTpoxumun YpanpeKoro @usnama Iloctynmuuo0 
Axkajlemua HayK CCCP 10 XII 1957 
HUTHPOBAHHAA JIMTEPATYPA 
1M. B. Cmupuos,Jl. E. Upanoscku it, K®X, 31, 802(1957). 2 E. M. Lar- 
en,J. J. Leddy,J. Am.Chem., Soc., 78, 5983 (1956). ° B. JlatTumep, Oxucantenp- 
1@ COCTOAHHA 9CMCHTOB H HX MOTeHIHaJIbl B BOAHBIX pactBopax, WI, 1954. 
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Jlornann AkagemMunun Hayk CCCP 
1958. Tom 120, N 4 


@®H3HYECKASA 1 
A. Bb. TAYBMAH x A. ®. KOPEL.KMM J 


O MEXAHH3ME 9MYJIBPHPYIOWELO JEMCTBASA TBEPJbIX 
3MY JIBFATOPOB 


(IIpedcmaeaeno axademuxom I]. A. PeOundepom 80 XII 1957) 


ne 

Ilo coppeMeHHbIM MIpeycTaB/eHHAM O MCXaHH3Me SMYJIBTHPOBAaHUA 2KUKOCTEH i 
TBepAbIMH sMysbraTopamy (1) Tan smMyabcun (M/B unu B/M) u ee ycroduupoctTh 
ONpeenAOTCH YCJOBMAMH M3OHPaTebHOrO CMaYHBaHHA BbICOKOAMCMepCHbIXx 
TBEPIbIX UACTHIL XKUAKUMM tbasaMu, OOpasyIOWHMU SMyYVJIbCHIO. | 
HeogHoposHOcTh OTJeIbHbIX YUaCTKOB TBepJOH MOBepXHOCTH (MO3aHU-; 
HOCTb) IIPHBOAUT K UX pa3IHUHOM CMaYHBaeMOCTH HM TEM CaMBIM CO3JaeT BO3- } 
MOXKHOCTh MpWIMNanHA YaCTHIL K MOBepXHOCTH KaMeek. ITO mWpesnosaraer, 


yaCTHYHOrO Hapy2XHOro COA, OPpOHMpPylIoWlero KallebKH, H YTO (U3HKO-XHMH- 
yecKaA HeEOMHOPOAHOCTh MOBePXHOCTH YaCTHIL BbIPA%KeHa HACTOJIbKO Pe3KO, YTO. 
o6ecneunBaeT OJHOBPeMeHHOe YacTHYHOe CMauMBaHHe ee OOeCHMH (a3aMH. 


BOJHbIX CYCHeH3HAX OeHTOHHTOBOH TIHHEI — HauO6oylee WHpOKO pacmpoctpa- 
HeHHOTO TBepAoOro 9MYJIbraTopa — NOKa3bIBalOT, YTO 9STHX MpescTaBseHui 


o6pa30BaHHA BbICOKOYCTOHYMBEIX 9MyIbcHH THNa M/B c yyacTHeM BbICOKOJMC=| 
MI€PCHBIX MOPOLWKOB. i 

BeuTOHHTOBaA TvIMHa, aKTHBUpOBaHHad oOaBKaMH 3eKTpONHTOB (FeCls, y 
Al,(SO,)3 u 2p.) Oblma paHee Ucllomb30BaHa Hamu (?) B KauecTBe JocTynHOro | 
MW opPeKTHBHOFO SMYJIbraTopa JWIA OUHCTKH He*TeCHaJIMBHBIX CYNOB OT BASKHUX, 
HeTenmpoAyKTOB (Ma3yToB) MyTeM MepeBoJla HX B MaJIOBASKHe TeKYYHe SMYJIb-; 
cuu. ONHCbIBaeMbIe B AaHHOM paOoTe OMbITHI NOSBOJISIOT OObACHUTb Tak Ke CyILI- 
HOCTb TaKOM aKTHBAallHH OeHTOHHTA SJIEKTPOJIMTaMH MW (PM3HKO-XHMHYeCKH O60C-,; 
HOBATb METOA SMYJIbTHPOBAaHHA HeTeMpOLYKTOB C NOMOLMIbIO TBEPALIX IMYJIbLa- j 
TOPOB. 

OnpeeiaHCb YCTOHYHMBOCTh SMYJIbCHH, OOpasyeMbIX SHEPFHUHbIM MexXa- 
HHYECKHM BCTPAXMBaHHeM, H CTPyKTYPHO-MeXaHHYeCKHe CBONCTBa MexasHbIXx 
CJIO€B B 3a4BHCHMOCTH OT COJepXKaHHA TBeEpAOTO SMYbraTopa MPH MOCTOAHHOM 
COOTHOIMeHHH OObEMOB X%KHAKUX sas (Boa : Maco —1: 1) u oT HamMuns B cHC- 
Teme OpraHHueckuXx 106aBoK (OeHHOBOH KHCJIOTEI B MaCJIAHOM (base) HW S1eKTpO- 
autos (AICl;— B BozHOH (base). | 

O6ObekTamu HCcCeqOBaHUA ObIIH Ba3seIHHOBOe (MeqHMHHCKOe) Maco H 4Ye- 
THIPEXXJIOPHCTHIK YrviepO, TUaTeIbHO OUMLLEHHBIE OT CIEIOB NOJAPHBIX 3a- 
TpxH3HeHHH C MOMOM[bIO CHIHKaresa, WH Oe€HTOHHTOBaA TuinHa OraaHmMHcCKoro 
MecTopoxyenua (TypkmMCCP) (*) B Bue cycneHsHii pasHBIxX KOHIeHTpalnii 
(qo 6%), MOMYUCHHIX JIMTeIbHBIM BbIepXUBAHHeM THEI B BOJe Jo nomHOw 
nenTH3aumu. Tak Kak pH 9THx cycneH3Hi mexKUT B OGmacTu 7,5—9,5, To IIpH 
oOpa30BaHun SMYyJIbCH ONeMHOBAA KHCIOTa NO Mepe ee Helirpanu3salun mepe- 
XOJMJla H3 MaCJIAHOHM Casbl B BOJHYIO B BHe oeaTa HaTpua. YcrotunBocTb 
SMYJIbCHH OLeHHBasacb NO BpeMeHH (t) YaCTHUHOTO paspylieHHA MX MTocse 
oOpasopaHua HW Bbiqenenut 50% Maca B CBOOOAHOM Bue. Tak Kak, OjHAKO, , 
HapAy C SMYJIbCHAMM, OTHOCHTEJIbHO ObICTpO paspyllaBluuMUcA (t HE MpeBB- - 
WaJIO HECKOJbKO YacoB), OOpas0BbIBaJIMCb IMYJbCHU, OOaqaBlue NpakTuye- 
CKH GOecKOHeyHO ycTokunBocTbio (tT > 2—3 cyToK), To Jasee YCTOHYHBBIMH © 
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\YSIbCHAMH HME€HYIOTCA Te, B KOTOPBIX B TeyeHHe 48 yacoB CoBCeM He mpouc- 
MMO BbI,eeHHA CBOOOHOrO Macsia (O603HayeHBI Ha puc. 1,2 3Haxom oo). 
PYKTYPHO-MexaHWYeCKHe CBOHCTBA MNOBePXHOCTHBIX CJIOCB H3MepsUCh Cc 
PMOULbIO MpocToro KPYTHJIbHOTO MpHOopa Ha NoBepxHocTu pasyena CCl, — 
j4a B MpHcyTCTBHH TBepzO sa3bI, KOTOpad ocarxKjalach U3 BepXHeli BOAHOL 
"€QbI B TAKOM KOJIMYECTBE, KOTOPOe MpakTHYeCKH COOTBeTCTBOBAIO TOVIIMHe 
(Ot OeHTOHHTAa Ha KalaAX SMYysIbCUH. 

|| PesyibTaTs! H3MepeHHH mperxye Bcero NOKa3bIBalOT, UTO C UHCTHIM Ba3seH- 
BRIM MaCJIOM YCTOHYMBbIe SMYJIBCHM MOFYT ObITb MOMYYCHbI TOKO Mp cpa- 
HMTeJIbHO BbICOKOH KOHILeCHTpallHHn 

%) B BORHOH cpeqe GeHTOHUTA 7 905% [1% 4% 
uc. 1, kpuBaa J), uro oTBeuaeT es 

Ke OOPa30BaHHIO BO ‘BCeM OOBeMe 7 he a y 
aryJAWMOHHOK crpyKtypp (4). [pu 

WKeCHHH KOHUeCHTpaluu IMyJIbraTo- 
YCTOHYMBOCTh SMYJIbCHH Tak pe3- 

MaaeT, YTO, OUCBHAHO, He TOJIb- H 
iD OWHOUACTHYHBIK CIOH, Hemocpel- 
PBeHHO CBASAHHBIIi C NOBepXHOCTbIO 
“aNIeJICK CHJIaMH CMa4HBaHHA, HO U 1s 
HauMTeIbHO Oolee TOJICTHIE cJIOn 
B COCTOAHHH OOpa30BaTb CKOJIb- 
\-HHOYb yCTOHYHBYyIO 9MYJIbCHIO 
-3a HeJOcTaTOUHOH MpouHocTH Mpo- uy 
TPaHCTBeHHOH CTPyKTypbI B OGbemMe) b 
OJHOH cpeypt. 

BpeweHve B MacCJIO OJIeHHOBOL 5 
HCJIOTbI Pe3KO H3MeHAeT ycOBUA 
eave paoace, Tak Kak O6pa3y10- 
HHCA Ha NOBEPXHOCTH Kaleb OeaT. 
[aTpHA, MepexoqA B BOsHY1O (cbasy,! 8 
‘MApomoOusupyeT yacTHIbI B PesyJb- 

‘aTe XemoaycopOunu (Hampumep, Ha 


.AJIbILMEBbIX ydacTKax IOBepxXHO- * t: 
TH) * Puc. 1. 3aBHcuMOCTb ycCTOHYHBOCTH SMyJbCHH 


(tT, MHH.) OT cofep2kaHHA B CHCTeMe OeHTO- 
Bausanne panne RS HUTa, OJIeHHOBoM KucsOTH Hu AICls. 7 —- smyab- 


BOHCTB TBEPNOH MOBepXHOCTH MPO-  cyy uycroro Macaa; 2—5— SMY.bCHH Macaa, 
IBJIACTCA Pa3JIM4HO, B 3a4BHCHMOCTH — cogep»Kamlero cootBetcTBeHHO 0,001; 0,01; 0,4 
T COMepKaHuA OenTouuTa. IIpu Bos- 41% oeMHOBOH KUCIOTHI; 6 — 92MY JIbCHH YHCTO- 


| 3 ro macsia B 0,01 N sBogyHom pactsope AlCl4; 
Be ee ee EPC AeM yb: 7 — 9MYJIbCHH Macula, cofep2kamero 0,1% ove- 


‘MH KOALyJIALWMOHHBIX CTPyKTYp Oe€H- — pyopoii KucIOTEI, B 0,04 N BogHom pacTBope 
Ve 
‘OHUTa, MIpH ero cosepxannu > 4% CiCls. 


HpopobusaynA ocia6maeT mpou- 
{0CTb 9MyuIbcHu (°), MpHueM TeM CHJIbHee, YeM BbIIe KOHIeHTpPalWA ove- 
IHOBOH KUCIOTE (kpHBbIe 2—4). B pesybTaTe YCTOMYMBOCTb SMYJIbCHH Ma- 
laeT HaCTOJbKO 3HAYHTebHO, YTO OHH MOO BOBCe He OOpasyloTca, HOO 
303HHKaIOT HEYCTOMUHBEIC 2MYJIbCHM OOpaTHoro Tuna (B/M), BemeycTBHe cTa- 
SHIM3ALHH Kaleb BOJbI OeO*HJIMSHPOBaHHBIMH YacTHWaMH OeHTOHUTAa, Mepe- 
UeIWHMH B MaCJIAHyI0 (ba3y. “6 

Jlanbueliluee noBbillieHve KOHWeHTpalluu KucnOTHE NO 1% NnpuBosMT yxe 
< IPyroMy pe3yibTaTy: yCTOHYMBOCTh SMYJIbCHH peskO BospactaeT (KpuBas 5) 
SCJIEICTBHE CTAOMJIH3YIOlero elicTBUA He CBA3AHHOrO B XeMOaZCOPOMMOHHBIe 
“OM Ha TBepfoli MOBepXHOCTH OseaTa HAaTPUs, B USOBITKE oOpasylouleroca 
3 BOHOH chase u OGecreuMBarlollero YCTOHYHBOCTb SMYJIbCHH H€3aBHCHMO OT 
1aMMUHA TBeEpoli MucnepcHolt (basbl. ITO MosBOMAeT WerKO OOACHHTL, No“eMy 


5% 
6 Lo 


Jnynscuu M/p 


g025 905 Of G25 05 29 | 50 0% 
Codepekanue Genmonuma 


6 Goduod ase 


* Tuapodobu3zaluA ToBepXHOCTH MO%KeT HMeTb MECTO H B pe3yJIbTaTe HeNOcpeACTBEHHOrO 
{ACOPOUHOHHOFO B3auMOselicTBHA €€ C OJCHHOBOH KHCNOTOH MpH COMpHKOCHOBeHHH YaCTHLL 
> MOBEPXHOCTHIO Kalin, 
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| 


MHorHe aBTopbl (°) MOrIM MosyYaTb yCTOMYMBbIe IMYJIbBCMM TEXHUYECKUX MaCeul, 


ucnioulb3ya 1% cycneH3sHM OeHTOHHTOBOM TIMHbI, KOTOPble, KaK BHUAHO H3 CKa> 


3aHHOrO BbIWe, He MOryT ObITb NOJIYYeHbI C YACTHIM HIM c1a6o 3arpA3HCHHBIMY) 


MacJlaMH. : . | 

B o6macru MaubIX KOHIeHTpanuit cycnensuii CenTonuTa (Hu2xKe 1%), B KO- 
TOPBIX CTPYKTYPMPOBaHMe B BOMHOT ase NpakTHYeCKU He UMeeT MecTa, MOAH@H- 
UMPpOBaHHe MOBEPXHOCTH aCOPOMHOHHBIMH CJIOAMM CKasbiBaeTCA MHaye, Tak 


Kak B 9THX YCJOBMAX MOXKET OOHAPYXKUTHCA BIUAHHe Apyroro craOumMsupyto- 
lero cbakTopa — cua cMauuBanua (MpHIMManua) MepBoro OfHOUAaCTHUHOTO 


COA IMYIbraTopa K MOBepXHOCTH: 
pasqema. STO BUAHO U3 xofla KpH- 
BbIX /—4 B meBol uacTu puc. 1. 
Conoctapulenue KpuBol / Hu KpH-| 
BLIX 2—4, OOHAPY2KHBAIOWIUX Pe3-| 
KO BbIpa2KeHHbIe MAKCHMYMBI, MO-) 
Ka3bIBaeT, YTO MO Mepe yCHJIeHHA! 


Codepkanue Genmonuma (a,) 6 mexk@asHOM C/0E 
j5-10” g5-0° 35:10 afem? 


BHe, IPOUHOCTH TIpHwIuNnaHHA uac- 
THI, YCTOHYHBOCTb IMYJIbCHH BO3- 
pacTaeT, IpHueM ONTHMYyM 2MYVJIb- 


0,1%) TBepzow da3bl AIA 93TOFO 


HauHHaeT CKa3bIBaTbCA «Mepemac- 
JIMBaHHe» NMOBepXHOCTH 4acTHIh 
BCJICICTBHe YBeIMYeHHA B BOJHOU 
(base KOHWeEHTpalluu OsleaTa HaT- 
PHA u3-3a NOBbIWeHHA pH. 


le ; 
0025 005 Of O25 05 40 25 §0 00% 
Codepkaxue benmoxuma(a,)6 Goduod pase 


CHMYMOB IIOKa3bIBaeT, UTO 3a CUeCT 
YCHJICHHA MO3AMYHOCTH TOBEP XHO- 
Puc. 2. Tlopepxnocruad BasKocTs mexasoppix CTH YaCTHILB pesybTaTe YacTuy- 
coeB (y,, NOB. mya’) mM ycrofiunpoctb (t, Muu.) HOM ee ruqpodoOu3salHu u NpHsH- 
smyaLcui. I — x, Harpanuue CCla+0,1% oneu- MaHHA OMHOUACTHYHOLO CJIOA K Ka- 
HOBOH KHCOTHI — BoAHEI 0,01 N pactBop AlClsB MebKaM MaCJla NOJIYYHTb YCTOH- 


mpucyTcTBau OeHToHuta; 2— 7 smybcHH CCla, ypBpre 9MYJIbCHH He MpeycTaBlsaer- 
comepxamux 0,1% OneHHOBOL KHCOTH, B BOLHOM CA BO3MO2KHBIM 


0,01N pacrsope AICls; 3—x, na rpannne CClya— B 6 
Boa B IpHcyTCTBHH OeHToHUTa; 4— Tt 9mMyubcuii einai em ues ck 
CEin atone TOB Ha YCTOHYHBOCTh SMYJIbCHIi 


IIPOABIACTCA Ppe3KO OTJIHUHBIM 
oOpa30M, B 3aBMCHMOCTH OT HaJIHYHA B Mace %KupHol KucHOTH. BBewenue 
AICl, B sMyuIbcuio UNCTOrO Maca, HeECMOTpA Ha BHI3BaHHyO agcopOuuelt 
noTeniMas-onpexensouero Al*'-yoHa CHAbHYIO KoOarymaAuHIO YacTHIL GOeHTO- 
HATA, YCHJIMBalOULyIO MOZAMYHOCTh MX NOBEPXHOCTH, He TObKO He OaronpusAT- 
CTBYeT NOBbIIICHHIO YCTOHYMBOCTH SMYJIbCHI, TO CuIeOBasIO OFKUTAaTb, HO, Ha- 
OOOpoT, CHJIbHO CHMxKaeT ee (KpuBasn 6). Ta 2Ke JOOaBKa S7eKTpomuTa pu 
9MYJIbTHPpOBaHHM Maca, cofepxauero 0,1% OeHHOBOI KMCJOTHI, BbI3bIBaeT 
appekT MCKJNOUNTebHO PesKOrO TIOBBIWeHHA YcToMuMBOCTH, XapaKkTepH3yto- 
mulica KpuBot 7. Ananormunble pesyibTaTb aor uount Fe, Cu, Co, Zn, Th 
W Ip. 

Kak BHHO, B 9THX YCIOBHAX YCTOMYMBad SMyMbCHA OOpasyeTca MPH Co- 
epxKanHu OeHTOHUTAa, Ha [Ba NOPAAKa MeHbIIEM, YeM B OTCYTCTBUM S7eKTPO- 
JMTa W XXMPHOM KMCIOTH. ITOMY KOMMYeCTBY SMYJIbraTopa OTBeYaeT NOKPLITHE 
Kal@lb SMYJIbCHH CJIOeCM IIPHMepHO B OAHY Yacruiy. 
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TOHHTa MeHbUWHX, Yem 0,05—jm 


HeJOCTaTOUHO, BBIMIe MAaKCHMYMOB 


Bmecte c TeM BeIHUHHA MaK~ jy’ 


CraOus3y lou (bakTOpOM B 9TOM Cyuae aABAeTCH CTPYKTYPHO-MexaHH- 
HeCKHH Oapbep — CTPyKTYPUpoOBaHHOcTS aCopOUMOHHBIX CJIOeB MBI TOMBa- 
MCHTHBIX MeTAJJIOB. 
Cueqye? OTMeTUTD, YTO 2TOT apeKT CHIbHOM craGHIN3aLHM 3IMYJIbCHH BO3- 
WiuKaeT TObKO B CTPOrO ONpeeyeHHOH OOnacTH pH BogHo casbi, B KOTOpoTi 
O3MOXKHO OOpPa30BaHHe HENOJIHOCTbIO 3aMeILeHHbIX MeTaJIIHUeCCKUX MBL oc- 
OBHOrO XapakTepa (*), MOHOMOJeKyApHEIe aXcopOuMonHEIe con KOTOPBIX 
OulaawoT NOBbILICHHOM MpoOuHOCTHIO. 

HackoJIbKO CHJIbHO BbIPaXKeHbI MeXaHUYeCKHe CBOLICTBa 3THX CIOeB, BUHO 
3 puc. 2, Ha KOTOpOM MpescTaBuenbi: KpuBad /— BasKocTu ajlcopOWHOHHBIX 
JIO€B OleaTa AJIOMHHHA, OOPasoBaBLIMXCA Ha MoBepxHocTu pa3zema CCl,-+ 
0,1% onenHoBoli KucnoTH — Boga + 0,01N AICI, B IIPHCYTCTBHH CJIOA OeHTO- 
uta, HW COOTRETCTBYIONIad eH KpHBad 2—ycToliunBocTu B BOLE sMysbCul CCl, 
OJTYYeHHBIX TPH TOM %Ke COJepkaHHH B HUX YKa3aHHbIX KOMMOHEHTOB. Jaa 
ONOCTABJICHHA 3]eCb Ke IIPHBeeHbI COOTBETCTBYION[He aHHble, XapakTepH3ylo- 
He NOBeqeHve TeX Ke CHCTeM, HO B OTCYTCTBHE OeHHOBOH KUCOTEY u AICI, 
(kpupBpie du 4). 
| Ws sprmueckasannoro creqyer, uTo ycToiunBere smysibcun (M/B) unctTEIx Ma- 
ie MOryT ObITb NOJIYYeHbI TObKO MPH ycsOBHH OOpas0BaHHA OeHTOHHTOM B 
OMHOK chase OObEMHOM KOATYJIAWHOHHON CTPyKTYpb, a OAHOUACTHUHBIM col 
FBepAOro SMYJIbraTopa MO2XKeT CTaOWH30BaTb 2MYJIbCHH JIHIUb B COueTaHHH 
oOpas0BaHHeM B MOBEPXHOCTHOM CyIOe CTPYKTYPHPOBaHHEIX MeTaJIMHUeCKUX 
{bIJlI OCHOBHOTO XapakTepa. IIpH 9TOM Ba2xkHO OTMeTHTb, YTO «rHApodobubie» 
OueOPHJIbHbIe) IMYJIbraTOphl (MeTaJIIMYeCKHe MbIIa), OOLIUHO CTaOMHSyIOUHe 
OJIbKO 93MYJIbCHH OOpaTHOrO THMa, B MpHCyTCTBHH OHOUACTHYHOTO CJIOA 
fpepron (basbl THApodusIbHOrTO XapakTepa, HaoOopoT, MOryT YIpOuHATb 
MYJIbCHH IIpsMOrO THMa. OTO MOKa3bIBaeT, YTO BJIMAHHE MeXaHHUeCKUX 
poser OOoONOUKH SMYJIbraTopa MpeoOmayaeT Ha BAMAHMeM {pyroro. crTa- 
WIM3yIoWero (bakTOpa — CMa4HBaHHA, KOTOPbIH, TakuM oOOpa3om, urpaer, 
[10-BHJJMMOMY, NOAYHHEHHYIO pOJIb H He MOXKeT OGecMeuHTb CaM No ce6e OOpa- 
SoBaHe BbICOKOYCTOHYMBHIX IMYJIbCHH. 
Bprpaxkaem rry6okyr1o OarofapHoctb akay. II. A. Pe6ungepy 3a nposBsmen- 
HbIM HM MHTepec K paOoTe UH 3a WeHHbIe COBETHI. 


Wuctuty?t du3nyeckKoH XHMHH Tloctynuao 
Axkaylemuu HayK CCCP 26 XII 1957 


WMTHPOBAHHAS JIMTEPATYPA 


] 
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Jloxnagn AkayemMunM Hayk cccP 
1958. Tom 120, Ni 4 


PH3HTECKAAH XHMHA 


B. A. ®EJJOTOBA u A. A. TPAMESHHKOB 


23ABHCHMOCTb HWDKHErO MPEAEJIA NMPOUHOCTH CTPYKTYPbI 
W KPHTHYECKOFO FPAQMEHTA CKOPOCTH OT KOHIEHTPALINK 
OJIEOTEJIA HA®TEHATA AJIFOMHHUA 


(Ipedcmasaeno axademuxom M. M. y6urxunoim 28 XII 1957) 


B pa6orax (*,”) 6blI0 Moka3aHO, YTO MHOTHe MpoMexkyTOUHIe (B peosioruyue- 
CKOM OTHOIICHHH) CHCTeMBI, K KOTOPbIM OTHOCATCA H3y¥aeMble HAMM OJIeOreJin 
QJIIOMHHHeBbIX MbIJI Ha@TeCHOBbIX KHCJIOT B JleKaJIMHe, OCOOCHHO HMHTEPeCHEl 
TeM, UTO B HUX MOFYT ObITb OJHOBPeMeHHO OOHAPy>XKeHb! BCe IPH3HAKH Kak BNOJI- 
He TEKYYHX (KHIKOOOPAa3HbIX, HEHbIOTOHOBCKHX) CHCTeM, TaK H MpaKTH¥eCKH: 
HeTCKYYHX (MaCTHYHO-TBepABIX WIM 2laCTHYHO-XpynKHX) cucTeM. Beto BBI- 
acHeno (?), UTO B %KHAKOOOpasHbIX CHCTeMaX, OOHAPY2KHBAIOWINX TeyeHHe IPH 
JUO6OM CKOJIb YrOJHO MaJIOM HalpAxeHHH CABHTa, TaKxKe HEOOXOAMMO Y4HTHI- 
BaTb HaJIMUMe CTPYKTYPHOH ceTKH. OHaKO, CCIM B CHCTeMaX, KOTOpbIe paK- 
THUCCKM BeyT ceOA Kak TBepAble, Takad CeTKa ABIAeCTCA KPaHHe MeJWICHHO: 
pejakcupyiouleH, TO B KHAKOOOpasHbIxX CHCTeMaX OHA NOABMKHA UM OTIMYAeTCA 
MaJIbIMH BpeMeHaMH peJlaKCallHy. 

Jlanee Opio0 ycTaHopseno (7), YTO cpequ Gombworo yNCNa CPusHKO-MeXaHH- 
YeCKHX NapaMeTPOB, HeEOOXOAMMEIX JIA MOJHOM XapakTepHCTHKH NMoBeweHHusA 


. 


CTPYKTYPHPOBaHHOH CHCTeMbI B WWHPOKHX HHTepBaslaxX rpafMeHTa CkKOpocTu ¢ 
MW HalpaxeHua caBura P, 3HaveHHA HMKHEFO Mpellesia NpOwHOCTH CTPYyKTYypbI 


Py MW COOTBeETCTBYIOWerO EMY KPHTHYECKOFO €& ABJIAIOTCA OJHHMH U3 HanOosee 


BaXKHBIX PeOsOrM4eCKUX KOHCTaHT cucTempl.! KoncranTtH Py WH & OTBeYAIOT 
mepexofy 43 OOmacTH NOCTOAHHOH MCTHHHO-pewlakCalMOHHOH BASKOCTH 4, = 
= const, T. e. H3 OONaCTH CTATHCTHYCCKH HepaspYyWeHHOH CTpyKTypb (ycne- 
BalolleH MOJIHOCTbIO BOCCTaHaBJIMBaTbcCA B Mpollecce WesoOpMHpoBaHHA) B OO- 
JacTh NalarouleH BASKOCTH %(P), KOTOpad COOTBETCTBYeT NOABJIEHHIO paspy- 
IU@HHA YaCTH CTPyYKTYPHbIX CBASeEH, HE YCIMeBaIOWHX PeaKCHPOBaTb HM BOCCTAa- 
HaBJIMBaTbCA Tp ePpopMMpoBaHHH. 

Mccneqopanue 3aBHCHMOCTH 9THX KOHCTaHT OT KOHIeHTpallMH oeorensa 
HapTenata aJIOMHMHMA MpHBeIO kK OOHAPy2KeHHIO HHTepeCHbIX 3aKOHOMePHO- 
cTei. 

OOpaOorka MOJyUeHHBIX Ha KOMIWI€KCHOM 9/1aCTOBMCKO3uMeTpe (2) cepuii 
KPHBbIX KHHCTHKM pa3BHTHA JepopMallHH Mp MOCTOAHHO JelHCTBYIOWIMX Ha- 
MpAxKeHHAX CBHra e(t)p (mero, P = const) M KPHBbIX KHHeTHKH pa3BUTHA 
HalpsKeHUA CABHTa MPH NOCTOAHHBIX CKOPOCTAX BpallleHHA BHeIUHeTO WHIHHI- 
pa P(t)g (meroy Q = const) mpnBena K yCTaHOBJIe€HHIO 3ABHCHMOCTH BASKOCTH 
CHCTeEMBI OT MPHJIO%KeHHOTO HalpAKeHHA CABHTa MH PpaueHTa cKopocTH, M03- 


BOJIMBINAaA, B CBOIO OYepeb, ONPeNeIMTb Pe H ex WIA Kaxon KOHUCHTpallun 
reviA. 


Ha pune. | nu 2 moka3anpt 3aBucumoctu 7 (P) u (2) ana reneli HadTeHatTa 
aJIIOMHHHA B [eKaJIMHe B HHTepBasle KOHUeHTpawu C oT 6 Jo 20%*. Ecan 


* H3yuenue oneorene mpopogusocb Ha 20-4 JeHb Moce ux usroToBeHuA. Jlannpe Ana 
C < 6% ony6nuKosanbi panee (*). B HacTosmeli pa6ore ucnomb30BascA HadbTeHat aJIIOMHHHS, 
npuroTosenubiit I. B. Benyrunoii mo peueltype, coorserctByroueli 36% cBo6ozHolt NaOH yx 
pH = 5 (°). Sror o6pa3eu Mbivia B (2) o603Ha¥eH MapkKod B. 
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| 
WOOHO 2HAKOCTSM, To cucTembI c C = 8—20% BemyT ce6a y2Ke Kak HacTOS- 


ire BbICOKOyMpyrue reiu ¢ OOubIUMMH MOLyIaAMH coBura. B To xe BpeMsA H 
i" UX PesIAX OOHAPy2KUBaeT- 
WW! 


|| XOTA M MelIeHHasa, HO 7-10 nya 


;> ke BnowHe H3MepuMax m7 


i 

}xyuecTb pH HaHMeHbIINX 
Me COOTBETCTBEHHO JlocTa- 
INHO BbICOKat BASKOCTD 


jeTembl c C<6%, oGalad yMpyrocrbiw, OKa3biBalOTCA 3aMeTHO TeKYYHMH, 


ie} 
panka 10° —10° nyas. Bo? p ove 
)DM OTHOLIC€HHH BbICOKOKOH- 
}HTPHPOBaHHbIe OeorerH ° 
j 15% 
[pTeHaTa aJIIOMHHHA OIH3- 170 ig 


}| K CHCTeMaM, OTHOCALIMM- 
| K KJlaccy MwlacTHUHO-TBep- 
WX Tel, HampumMep THpo- 
PCTeH3HAM O€HTOHHTOBbIX 
} H, B KOTOPHIX B Mocjed- Pr 500 = 1000 1500 §2000 «2500 © 3000 dun/em™ 
© Bpema (*) Obiia peambHo WR = 

MepeHa HanvOoubuiaA mo0- 
)AHHAA BAZKOCTb, OKa3aB- 
|}ACA NOUTH TAKOTO %*Ke M0- 
Ie, Kak YKa3aHHas BBIILLe. 
| Hs puc. 1 u 2 oruermuBo BUZHO, 4TO JA BCeX HCCJIENYEMbIX KOHUCHTpallul 
eOreIA B MHTepBasle HaMMeHbIUUX Py € BASKOCTb MOCTOAHHA, IPH HeKOTOPBIX 


jiibiuux P us OHa HauMHaeT cHHxKaTECH. Jlanee u3 puc. | cnemyeT, TO C po- 
PM KOHIeCHTPalluH Ted SAMeTHO pacTyT 3HaYeHUA MAKCHMaJIbHOH NOCTOAHHOK 
SKOCTH 4, = const H HuxKHero Mpeleta pouvnocTH Py. Hpu P>P, He Bce 
MeHTLI CTPyKTYPbI YClleBaloT OTpeaKCHpoBaTb Mp aHHO ¢ u3-3a Npucy- 

ieH HM MaJloH CKOPOCTH pe- 
Aaa kpubou C= 20%, WaKCauHu Ypen (°) H paspy- 


So“ % & 


Puc. 4. Saspucumoctb y(P) gan 6—20% oneoreseit 
HapTeHata aJIOMHHHA B JeKamMHe. CrpemkaMH yka3aHbl 
3HaYeHHA HMKHETO Npefesia NpoyHocTH cTpyKTypbi P,. 


400} -1 IUaIOTCA B Mpolecce pa3sBuTHA 
0 hyes = nila ga TeopMalnu BOb KpHBOL 


P(t) WO MomMeHTa JOcTHxKe- 
Hua P = P, (?). Sto u mpu- 


150 Ex 20% BONUT, Hapsfy c dakTOpoM 

OPHeHTAallWH UacTHIL B MOTO- 

125} ¢ ? Ke, K CHH2K€HHIO BASKOCTH B 
“\5% OOMACTHeel ste: 

20 BospactaHHe HH KHero 


| Iipesesia MpOwHOCTH CTPyKTY- 
| ppt P, c yBemmueHuem C Mo- 
if ; 2KeT ObITb OOSACHEHO BO3Pa- 
| a 6% CTaHHeM UYHCa JIOKasIbHbIX 
| ; (omepeuHbIX) CBA3eH CTPyK- 
| 90050 00100 00150  00200cex’ TYPHOM CeTKUTeIA, Tak kak 
7 ae Patna pocT KOHIleHTpaluH MpHBo- 
JIMT K CHJIbHOMY BO3pactTa- 
- 2. SaBUucHMOCTb H (c) qua 6—20% oneorene nad- yuo (B eqHHUIe OObeMa CHC- 
para aJIOMHMHHA B AeKaJIHHe. CrpemkamMu YKasaHbI 3Ha- TEMBI) quca nepenmeTenuit 
| WeHHA €,, CooTBeTCTBYIONINe Px WM CTeleHH B3aHMOJeHCTBHA 
| M@X]LyY HHTeOOpa3sHbIMH  BBI- 
|KONOJIMMepHBIMH “ACTHWaMM HadTenaTa aoMHHHA. EctecTBeHHO, 4TO yBe- 
eHHe UNCIa HM MpouHOCTH CBA3eH MexKY 2IeMeHTAaMH CTPYKTYpPbl CeTKH 
Id TpeOyeT MOBEIMNeHUA HallpAxKeHHA CUBHTAa, BbISbIBAIOWMNerO Hayao paspy- 
HHUA CTPYKTYPHbIX CBAZeCH CHCTEMHEI. 
|| Bospacranve Px mpH NoBbiweHHH C CHCTeMbI, aHaJIOrHuHOe OTMeUCHHOMY 
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nama (2) H Mopo6HO omucaHHOMy BBIIUe, Oblvlo TakxKe HaleHo H Ha TMpocyc 
MeH3MAX OeCHTOHHTOBHIX rinH (4). ITO JIMWHHH pas MOAYepKHBaeT BO3MOXKHOCTB 


| 
ONMWCaHHA CHCTeM, OTHOCALIMXCA K %KUAKOOOPa3HbIM UH TBepooOpa3sHbiM, 06- ; 


UMMM apaMeTpaMM Tak, KaK 9TO ObIJIO NpeAIowKeHO paHee eye 

V3 KpuBbix pac. 2 BUQHO, YTO 3aBMCHMOCTb 74 (2) BHELIHe HalOMMHaeT (PR 
oyHakO MexKy HAMM VMeeTcaA cymlecTBeHHad pasHuila. C BospacTaHiem C 3Ha 
YCHHA ¢, He pacTyT, a yYMeHbilatoTca. CHwKeHHe ¢, C poctom C, MO-BAMMOMy, | 
ABJIAeTCH CJIENCTBHEM 10PO, YTO CKOPOCTb HCTHHHOH pewlaKkcallMa YipyruxX Ha- 
IpmKeHHH CHCTeMbI B IWe/IOM YyMeHbIaeTCA C YBeJIMYCHHeM KOHIeHTpallHM 


“45 
Ex 10'cek' 
p gt het 
& 
=o) 
a) 7 a 
S 2 
= + 
gp ee 
g = D —-35 
GU SERN SEMA 4 8 20) ae 


C Gi OS 
. i 
Puc. 3, Usmenenve HuKHero Mpeflena MpownocTH = Pye, 4, 3aBucumMoctTb Ig Px ot C Hx Ig ex 
cTpykTypb! P, WH CoOTBeTCTByIOWlero eEMY KPH- or C yuna oneoreselt HapTeHatTa aJIOMHHHA 
THYeCKOFO TpafueHTa CKOPOCTH &, C KOHILeHT- B AekasIHHe 


paulweH ovyeoresa 
} 
| 
) 


omeokomona. UeM MeHbIeH CKOpOCTbIO pesaKcallwH OOsayaeT cucTeMa, TeM 
M€HbINe BepOSTHOCTb TOPO, YTO MpH WaHHOH cCKOpocTH e:popMalluH yciewT 


OTPe€JIAKCHPOBaTb Bce HallIpAH*KCHHbIC CBA3H HW TEM MeCHbIUHH ¢ OHA MOKeT BbI- , i 


WepxxaTb 6e3 paspylieHHA CTPyKTYyPpbI. 

Oco6nli uHTepec MpeACTaBJIAeT NOyYeHHaA HaMH 3aKOHOMePpHOCTb H3MeHe- 
Hua Py MW & c C. Ha puc. 3 noKxasanel cooTBetcTBytoulue KpHBble. Ha puc. 4 
9TH Ke SaBHCHMOCTH H3800paxKeHbI B NoyNorapHpMuyecKHX KOOPAHHaTAaX. 

Kak Buuo u3 puc. 4, o6e sapucumocru (lg Py—C u lge,—C) xopomo 
yKJlafbIBaloTCH Ha MIpAMbIe, MpoOXoWAW{We NOYTH NOX OWHAKOBbIMM yrviaMM 
HakKJIOHAa K TOPH30HTaIH. ITO O3HayaeT, YTO MOKasaTeM SKCMOHEHT y HUX 
MpaKTHYeCKH OJMHAKOBbI HW OTJIMYAIOTCA JIMUIb MO 3HaKy: 


Py = Pe aie, aes mea 


rye Cy —HeKoTopast NpovsBONbHad KOHWeHTpalua mu «= «,. V3 taKoro coor- 


HOW@HHA BbITeKaeT, UTO Mey Py, H ¢ MMeeTCA BHYTPeHHAA cBA3b. JleficrBu- 


TCJIbHO, H3 BbIMeNPHBeeHHbIX YypaBHeHHH Cwley[yeT, YTO MpousBeyeHHe cooT- } 


BeETCTBYIONLUX 3HAYeHHI eCTh BeJIMUMHa MOCTOAHHAA, He 3aBNcsmad or C: 
I aot gaia apes oy cee: WIE Se Fa, 


ITponspeyenue sHayenua P, noamep»uBatomlero craluonapHoe TeueHve, Ha 


COOTBETCTBYIOINNee 3HaAYeHHe € TpeAcTaBsAeT COOOL MOLLHOCTH NOTOKAa e/{MHHILbI 
oObema Tela MIM SHepruto Wuccumanun. CreqoBaTebHO, KpuTHuecKad SHeprua’ 
muccunalMA He 3aBucuT or C reas (1 JaHHoro wadprevata asioMUunHA) B MH- | 
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PpBayie KOHWeHTpaluH or 6 no 20%. Kak Buguo v3 JaHHBIx Ta6u. 1, 3Haue- 
va Wx B felicrBuTebHOCTH HeMHOrO BospacTaloT c pocrom C, uTO cBa3aHO 


| MaJIbIMH Pa3JIMYMsIMH MeXxKy « HM o4, OHAKO np W3MeHeHHAX Py U ex 
10—13 pa3 usmenenne W, oueHb HeBemNKO. 


TaoOauuna 1 


C, % | Py AWH-cmM7? "e108 cex. 1 | Me: ~ Pian 10° 
6 160 350 607 
8 240 Syl 744 
10 SOUL 2,0 700 
15 860 0,98 844 
20 2160 0,40 864 


MoxkHo npeqnomoxKuTb, uTO HaliqeHHas He3aBucumocTb W, or C cpsa3ana 
| TeM, UTO IPH Npespiuennu W, HayMHaIOT paspyllaTbCH OMHAKOBbIe CBA3K 
|} Teqax MpH pasupix C. Unpimu cyoBamu, Bo3spactraHve oOmlero uncua cBsA3eli 
} e(MHuIe OObEMA CHCTeMBI MPH MOBBIMeHHH ee KOHILCHTpallWH JOJLKHO KOM- 


CHCHPOBaTbCH COOTBETCTBYIOWNMM YMCHbIIeHHeM ¢ C TeM, YTOObI MmpH jedop- 
Lae CHCTeMbI B CTaIlMOHApHOM NOTOKe B eJMHHILy BpeMeHM Morvio ObI ycre- 
WATb TMOJIHOCTbIO BOCCTAHABJIMBAaTbCA BIOJIHE ONpeeIeCHHOe KOMMUeCTBO CBHA3eH. 
Ne OBaTeJIbHO, 3HaueHHe W,, MOKeT ObITb UCMOJb30BaHO JVs BbIACHeHHA Han- 
MCHbIUeH CKOPOCTH BOCCTaHOBJIeHHA cBA3eH. Panee (°) OblNO pa3BHTO Npex- 
(TapsleHHe O HaOope cBx3eH B reAx HacpTeHaTa aJIOMMHUA, Oba aroujux 
ASHBIMM &, MY; MU PasHbIMA CKOPOCTHMM BOCCTAaHOBJIeHHA. Moxno mpeyno- 


JOXRKUTb, YUTO MOCTOAHCTBO We OMNpe NeJIAeTCA Han6oulee KOPOTKHMH 9QJIEMCHTAaMU 
TDYKTYDPBI, 06 1a ,aroluMu HaMMCHbINMMH &&, Hawoouee MeJVJICHHO BOCCTAHaB- 


MmMBaroluluMuca. Hadsmofatouleecd B JeHCTBHTeJIbHOCTH CylIa6oe BOo3spacTaHHe W, 
t C MOXxKHO, BepOATHO, OTHECTH K HeKOTOPOMY YCHJIeHHIO B3anMOJeHCTBUA 
iene HadbTeHaTa aJIIOMMHUA Ha OJIM3KHX PaCCTOAHMAX. 

TlonaTwe © KPHTHYeCKOM MOMLHOCTH HCNOMb30Bal Takxe Pamalian pu o6- 


padoTKe MOJYYeHHbIX HM JaHHbIX MO BHCKO3HMeTPHH Mace (°). Mm 6p110 oT- 
eyeHO MOCTOAHCTBO Py ex IIpH M3MeHeHHH TeMMepaTypbl Maca. XoTA npu- 
DOa H3yYaeMbIX HaMH OObEKTOB HM METOJbI HCCeAOBAHHA BeCbMa CHJIbHO OT- 
MHUAIOTCA OT HCNOJb3OBaHHBIX Pamala, OM30CTb Pe3yMbTATOB, NOQJIyYYeCHHbIX 
He3ABHCHMO, 3aCJIyXKHBaeT BHHMaHHA WM NOMYePpKHBaeT BarKHOCTbh MOHATHA 


KPHTHYeECKOH MOLLHOCTH. 


Ioctrynu0 
26 XII 1957 
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Jloxxzagp AkajlemMun Hayk CccCcP 
1958. Tom 120, Ne 4 Wut 


PUBHYECKAA XHMUf 


B. B. XJIBIHOB u O. A. ECHH 


IEKTPOKANHMJWIAPHBIE JBYDKEHHS B PACIIJIABJIEHHbIX 
WIJIAKAX 


(IIpedcmaeaeno axademuxom A. H. Ppymxuneim 2 I 1958) | 


i 


B wwytakaX UBeTHOM MeTaJJIypruH MeTaI WM ero COeCMHHeEHHA TepAIOTCA He 
TOJIbKO B pe3YJbTaTe PaCTBOPeHHA, HO TviaBHbIM OO6pasoM BCJeACTBHE OOpa3so0 
BaHHA B3BCCH KaK M@JIKHX, TaK HM CpaBHHTesIbHO KPyMHbIX Kalletb (7). B Te 
BPeMA Kak paCTBOPeHHBI MeTaJIJI MOET ObITh IKCTParHpOBaH IeKTPOTH3OM (?) 
BO3MO2XKHOCTb H3BJICUCHHA Kallesib 2IeEKTPpOPOpe3OM MaJIOBeEPOATHA H3-3a OOJIb: 
1ioli KOHUeCHTPaluH HW MOABHXKHOCTH HOHOB llaKa (°). . 

Oguako B BOAHBIX pacTBOpax pA ucclesopatene (*") Ha6moanM Tak Ha: 
3bIBaeMbIe BICKTPOKANHVIAPHble JBHXKCHHA, T. €. TepeMeleHHe KalleJib PTYTH 
B SICKTPOMHTAX MOA BJIMAHHeM SeKTpHyecKOrO Noa. KomuuectTBeHHasd TeO- 
pHA STUX ABMeHH Jana PpymKuum u Jlesuyem (* 1°). M3 Hee BbireKaeT, UTC} 
QIEKTPOKAHJIAPHbIe FBHIKCHHA B paCIWIaBJICHHbIX IJIaKaX BIOJHE BO3MOX- 
HbI, MOCKOJIbKY NOrMpyXeHHble B HHX %KMAKHE MeTAaJJIbI H CYMbDUAbI WIeKTPH- 
ueckH 3apa>Kenpr (11,%). 

B cooTBeTcTBHH C STHM B HacTOALeH paOoTe HaMH ObIIO OOHapyxeHO TIpH 
Temnepatypax 1370—1500° C mepememenue kK ompeseseHHOMYy 21eKTPOy Ka- 
nmetb Cu, Ni, Mn, Ag, Ni,S, no noBepxHocTH Uviaka, cowepxamrero 52% CaO, 
41% Al,O, u 7% SiOg. 

Suetika u3 mviaBleHow MarHe3uu c I[]-o6pa3Hol MOMOCTbIO 3aNOJIHAJaCb 
Iu1aKOM, TulyOHHa KOTOPOrO B TOPH3OHTAaJIbHOM KaHasle JocTurawia 3 MM. K HHxK- 
HeH YaCTH BePTHKAJIbHbIX KaHaJIOB Yepe3 CMelHaJIbHbIe HAaKJIOHHbIe MOJOCTH 
OlyCKaJIMcb rpauTOBble TOKONOABOAH. Kania, WHamMerp KOTOpoH mpeyBapu- 
TeJILHO H3MepAJICA HW CocTaBA 0,5—3 MM, OCTOPOKHO HaHOCHJacb Ha MOBepX- 
HOCTb WWwiaka. Ona He pactTekalacb (“cK O"eHHeM ABAAsICA FeS) u ne Tonya 
B HeM. PasMep Kall B AYeHKE JONONHUTEMbHO KOHTPOMMPOBaJICA C MOMOLIbIO 
TesecKkOMMueCKOH TpyObl C OKYAApHOH MuHeKOH. IIpH BKmO“eHHH MOCTOAH- 
Horo ToKa (cusoli 0,5—5 a) Kana ABHTaacb BOM TOPH30HTAIbHOrO KaHaJia 
H BpeM#A ero MpOXOKJeHHA PUKCHpPOBaOcb cekyHJoMepomM. Mensa HampaB- 
JICHHE TOKA, MOXKHO OblIO 3aCTaBUTh KallJIO MepeMelaTbCA B TOM M APyroM Ha- 
MpaBJIieHHH HeOrpaHHyeHHoe unCcIO pas. B page ONbITOB, NpUuMeHAA xXKHAKHe 
anekTpogbt u3 Ni,S, c rpaduTOBbIMH TOKONOABOAaMH, yaBalocb HaGsOLaTb 
OMHOBpeMeHHOe ABH2KeHHe OoMbUIOrO KOHYeCTBa (20—30) Kamedb pasHBIX pa3- 
MeposB (oT 0,5 fo 3 mm). 

B cormacuu c TeopHeli NOAOGHbIe ABU2KeCHHA COBepIeHHO He HaGvlIOanucb 
y 3aCTBIBIUHX Kaleb MeTaJIJIOB H Y KYCOUKOB TBeEpAOH OKHCH MarHuA. To 06- 
CTOATEIbCTBO, a TakK2%Ke OblCTPpOTa MePpeMeLCHHA XMIKUX Kaleb YKasbIBaloT 
Ha WICKTPOKAaMMIAPHbIM, a He SJIEKTPOKHHETHYeECKHH XapakTep JBUXKeHUA. 
Cxopoctb mepemenjenna (U) Opiuta npAMo mponopiuMoHatbHa rpayiMeHTy Hanpa- 
*KeHuA (EL) u 3aBMcela OT CocTaBa MH pa3Mepa (fr) KanuM, a TaKxe oT xapakTepa 
aTMocdepEt. 

Pe3yIbTaTbI ONbITOB B OKHCJIMTebHOL aTmociepe (Bo3qyx) mpeycraBeHbt 
B Tau. 1. Tam Xe MpHBeseHbI 3HAYeHHA YJebHBIX NOLBHKHOCTeLI (v), T. @. 
CKOPOCTeH MepeMeLeHHA, OTHECEHHBIX K eQHHHWe rpaquenTa HanpsKeHuA UM 
K €MHHUHOMY paynycy. 
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Tlockoubky MeTaNJIbI H CYIbpM HAKeIA ABUralOTCA B MpoTHBOMOMORHBIE 
||CTOPOHEI, MpeAcTaBIANOCb MHTeEPeCHbIM YCTaHOBUTb COsepKaHHe Cepb, OTBE- 
yalollee HYJ€BOH NOABHXKHOCTH. OMbITbI, MpoBeqeHHBIe MpH Tpagkuentax 
||E = 5—6 b/cM, noKasanu, uTo yMenbulenue cogepxKanua S B cnmaspe Ni—S or 
26% (Ni;S,) no 0,4% MpaKTuuecku He BIMAeT Ha NOLBUXKHOCTD. ITO o6ycJ10B- 
JCHO, BEPOATHO, OOJbUIOH KaNWJIAPHOH AKTHBHOCTbIO CepEl, BCJIENCTBHe KO- 
TOPO COCTaB MOBEPXHOCTHOTO COA Kal OCTaeTca MOUTH MOCTOAHHBIM, He- 
CMOTPA Ha 3HAYHTCIbHBI€ H3MeHEHHA ee OObeMHOM KOHIeHTpalMu. Takoe 
MOBeCHHE CePbl HaXONMTCA B COOTBETCTBHH C (baKTOM CHJIbHOTO CHM KeHUA 
TIOBCPXHOCTHOPO HaTAKeHHA HUKeIA (oni = 1756 9/cem? (1°)) of ee WO6aBKU 
(Sni,s,=452 9/cm” (*4)). Tp gabyeitmem nonwxKexuu cofep»KaHua ceppi 
NOABHKHOCTH NafaeT, px 0,15% S ocruraeT nya, a 3aTeCM MeHSET 3Hak, 
T. €. Kalla Mepememjaerca, KaK MW MeTaJI, K KaTOJLy. 

Takum o6pasoM, pH MaJIbIX COJepxKaHHAX CePbI NOBEPXHOCTb CMIaBOB 
Ni—S sapsxKeHa movloxKHTeIbHO, a MpH OovIbIIMX HM cCpeqHAX — oTpuHua- 
TeJIbHO. [locmequee cormacyeTca Cc paHee MOJYYeHHBIMH 9SeKTPOKANMIAp- 
HBIMM KpuBbimu (7) 4 yKa3bIBaeT, 4YTO ABOlHOH co OOpasyerca 3ylecb B 
pesyJibTaTe mepexojla KaTHOHOB M3 MeTaJIIa B WWIaK: 


Me —> Me?* + 2e. (1) 


B BOCCTaHOBHTeIbHOH aTMocdepe, TouHee MpH MposysKe Hak syeliKOL 


CMeCH a30Ta C Boopoyom (72% N, u 28% Hy, He ucKmOUaIOIMe cen0B O,), 
cyibduy Ni,S,; nepememasca mo-mpexHeMy K aHoy uc TOM xe CKOpOCTDL. 
HanpoTus, MOJBYXKHOCTb M€TAJJIMYeCKHX KalleIb YMeHbIUMaCh y HUKeA 
MOHYIA,a Y MeZH HM CepeOpa H3MeHHJIa 3HaK WH paBHAMaCb COOTBETCTBECHHO 
0,8 u 20 cm/cex-B. DTo OOycOBMeHO, MO-BAAUMOMY, CJleLytOuHM. 


Ta6nauna 1 


; cM ipaBJieHu 
Meta de, (=) r (cM) U eS v (—) pier 
Cu DES 0,07 5,8 36 K xatoyy 
Ni 2,0 0,05 2,8 28 or 
Mn ets) 0,075 6,3 30 Bel os 
NigS 2,3 0,05 4,8 42 K anony 
NigSe 6,6 0,025 7,5 46 rae 
NigSe 6,6 0,05 15 46 >» 
NigSe 6,6 0,075 15 30 aS Pe 
NisSz 6,6 0,16 6 Ey ae ba ae 


| B TO BPeMA KaK COCcTaB CyJbPUOB OCTaeTCA MpakTHYeCKH NOCTOAHHHIM, 
| MeTAaJIIMUeCKHMe KalJIM MOFyT YaCTHYHO OKUCATECA HJM BOCCTAHaBJIMBaTbhCA 
|B 3aBHCHMOCTH OT cocTaBa aTMocdepbl. IIpH HamMunu O, co Wwiaka BOmM3u 
Kanu o6oraujen MeO * u o6pas0BaHHe JBOMHOFO CJIOA MOET MPOHCXOAUTb 


qyTem mepexoyja KaTuoHop Me** v3 wiaka B MeTaJU : 
| nie 
| Metin) + 2e—> Me. (2) 


He ucksr04eHo Take, 4TO HMeeT MeCTO H oOpaTHoe MepeMelleHHe PaCTBOPeH- 


HOTO B Kalle KUCIOpOsla: aD: 
Omer) + 2e—> O(a): (3) 


O6a mpouecca MpHBOLAT K NOABJICHHIO Ha MOBEPXHOCTH KallWIM NOMOAKMTEAbHOTO 
3apsana. B atmocdepe, comepxaleH BOMOpo, MocMeMHHU YaCTHYHO BOCCTAaHAaB- 
JmMBaeT OKUCIEI MeO, mpu4uem TeM MotHee, Yem OularopogqHee Meta. Ilostomy 
y cepeOpa M MeAM KOHICHTpallWM OKHCJIOB B OMM3NeRKAUX COAX lwiaka CTa- 
HOBATCH HAaCTOJIbKO MaJIbIMHM, YTO HepeXOJ, KaTHOHOB H3 MeTaJIa B wtaK (1) 


x Apwxxyuyaaca KalJIA OCTABMAeT MOCJIC ceOA TCMHbIH CJlIe2, YKaSbIBaIouluH Ha MOABNeHHe 


MeO B wuJake. 
Aah) 


HauHHael UpeBasupOBaTb Haj OOpaTHbIM NepeMelleHHeM (2), a y MeHee Ovlaro- 
POMHOTO HHKeA CKOPOCTH STHX OOONX IIpOleccoB CpaBHsAVIMCb. 

Jlna KouIMueCTBeHHOTO COMOCTaBJICHHA TCOPHH IIEKTPOKANHJWIAPHEIX BH- 
*KeHHH C HallMMH pesysbTaTaMH OBI pPaCC4UHTaHb! YeIbHbIe MOABHAXHOCTH — 
(v = U/Er) xanau Ni,S, no cbopmyne PpymKuna u Jlesnua (°) 


———— rs (4) 
24 + 31 Bite 


cipaBpeIuBolh NpH yCJIOBHH, 4TO 
Epes (5) 


3yecb 7/ Hy — BASKOCTH MeTasJa M UaKa, * — SJIeEKTPONPOBOAHOCTS Nocsej- 
Hero, ¢ H C — yJleIbHbI 3apay, HM EMKOCTb ABOHHOYLO CJIOR. 

B paccmaTpupaemom cayyae ¢ = 15-10% xya/cm® (¥), C = 15 ud/em® (7°), 
1 <= 1,5 nya3 (8), a x2¥0,5 om+cm + no HaliMM MpHOJIM3HTeIbHBIM H3Mepe- 
HuAM. Tak Kak y Hac 22/x<2y uy’ <4, To dopmya (4) Aaer 


v=7. (6) 


Hepapencrso (5) BbINOHAeTCH Jia Kaleb NisS, cr< 0,15 cmupu E = 6,6 B/eM. 
Oyako, Kak BHJHO v3 Ta6s. 1, pacxowKJeHHA HayWHaIOTCH MPH HECKOJIbKO 
MeHbUWUX * pagvycax Kamm Ni;S,. CkopocrH nepeMemlenua U mepecraioT yBe- 
JIMYMBaTbCA C pocrom r mpH r=0,075 cm, a npH r = 0,16 pesko cHuxaroTca, 
uTO IIpoTHBOpeyHT ypaBHeHHto (4). B cBxA3H C STHM JIA CpaBHeHHA Cc TeopHeri 
ObIIM B3ATbI NOJBHXKHOCTH Ugaxr= 42 — 46 cM/ceK-B., pacueT Ke 10 topmyvie 
(6) Hal Vreop = 50 cm/ceK-B. 

CopnayleHve MOpAKa BeIHYYH Vgaxr WH Ureop elle pas MOYepKHBaeT, 4TO 
HaOJOMaeMble HaMH TepeMelleHHA NpeCTaBJIAIOT COOOH IJIeEKTPOKanHJJIApHoe 
JBYXKeHHe Kaleb MO MOBepXHOCTH iviaka. UTO KacaeTcd UX KOJIMYeCTBeEHHOrO 
pasJIMunHA, TO OHO OOYCJIOBIEHO YTJIaBHbIM OOpa30M YIIpollatoulHMu onyuule- 
HHAMH, C/leJIaHHbIMA Tp BbIBOXe dopmyvbl (4). B uacTHocTH, Kak NoKa3aJI 
@pymxkuH vu Jlepny (°), yueT HENOTHOM MOAPH3yeMOCTH MPHBOAHT K MeHbIUMM 
CKOPOCTAM J[BHXKeCHHA, T. €. B HalleM CJIyyae K COJMKEHHIO Urecp HW Vgaxr- 
CienyeT Takxke yyuecTb, UTO ypaBHeHHe (4) H BxOAuIHe B Hero BeIMUMHbI 4 
M * OTHOCATCA K KalIJIAM, TepeMelllalolllwMCH BHYTPH %XKHAKOCTH, a He 0 ee 
MOBEPXHOCTH. 


YpaJibcKHi MoJIMTeXHHYeCKHI Tloctynu10 
wuuctuTyT uM. C. M. Kuposa 1S x9 57 
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onesmb,H. H. VOM OMIM ED OUI iy Ole VA IE: ea say KO, IO KUT , S 
49. 77, (1954) p H uKUTHH, Tam xe, COopH 


* . 
Bo3moxHO, 4TO 9TO O6ycnOBMeHO BTOpbIM TpeOoBaHeM TeopHu, uTo6p R,=Ur/v 


oe “ay eAMHMUb. Shecbh v=%1/, A @—MNMOTHOCTh waka, paBHad mpumepHo 
r/cm : 
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Jokaanp Akanqemun nayrx CCCP 
1958. Tom 120, Ne 4 


PH3SHYTECKAA XHMHA 


B. Jj. IOXTAHOBA 


ONPEAEJIEHHE NOJIAPOrPA®UYECKHX K03®®HUMEHTOB 
ANPSY3HH C MOMOUIbIO BPAUIAFOWJELOCH JWCKOBOrO 
IJIEKTPOJIA 


(ITpedcmaeaeno axademuxom A. H. ®pymkunoim 28 VIII 1957) 


B cBa3H C TeM, YTO B HaCTOSIMee BPeEMA HMeeTCH HeMOCTATOUHO HajlexKHbIX 
RHHBIX 10 TaK HasbIBaeMbIM NOJAporpaduyeckum Koapuluentam Wudpysun, 
e. KooppullMentam LudPy3nu B MpuCyTCTBUH M3ObITKAa NOCTOPOHHETO 9VJIeKTPO- 
I'Ta, HaCTOAIMee HCCeOBaHHe CTAaBUJIO CeOe LeJIbIO OMpeseseHue STUX KOSpu- 
MeHTOB uddy3sHu HaexKHbIM MH CPaBHHTEJIbHO MpOCTbIM MeTOAOM Bpalilaroule- 
HCA SIeKTpOa. 
|| M3 reopun KOHBeKTHBHOH Auddpy3uu BpallaiollerocaA JUCKOBOrO 3JIeKTpoOsa, 
asBuToH B. IT. Jlesuuem ('), BbiTeKaeT CJleqyiollee BbIPaxkenve MIA Kosbpuln- 


pis 1:82 ag. (1) 
FaVo 
te { — NJIOTHOCTb TOKa, w — YyrJIOBaH CKOpOCTb, C— KOHIeHTpallusA BOCCTa- 
ABJIMBaeMOrO HOHA B OObeMe pacTBOpa, ¥Y — KHHeCMATHYeCKaA BASKOCTL, n — 
CIO SJIEKTPOHOB, yYaCTBYIOWIMX B peaKkI[HH. 
| Tlomp3yacb ypaBHeHuem Jlepuua, MbI BbIUMCJIAIM KOSPPUUMeHTH Audpysun 
pHoB: Cd", Tl*, Pb? u Zn?*. Pa6ora mpoBosuuiacb C NMOMOLIbIO MeJHOFO aMalJIb- 
MMPOBaHHOrO 93JIeKTpOa B cpopMe AucKa (quametp 4,997--0,002 mm). Ilepey 
IbITOM 9JIEKTpO aMaJIbraMupoOBaJICA B TeYeHHe CYTOK, MOJIMpPOBaJICA, MPOMBI- 
WICH OMMCTHWIATOM HW CHOBa NOrpyKaJca B pTyTb Ha 2 yaca. Iorentua aueK- 
bojla H3MepAVICA M0 OTHOMICHH1O K HOPMAJIbHOMY KaJIOMeJIb HOMY 3JIeKTPOy OOBIY- 
DH MOTeHUMOMeTPHYeCKOH CxeMOH. OmbITb! IPOBOAHJIHCb B repMeTHYHOH AYeHKe 
aTmocdepe Bosoposa. EMKocTb KaTOAHOFO OTeNeHHA AYEHKU PABHAACh 80 Mu, 
OTpOCcTKe NOMelllaJicA MJaTHHOBbI AHO, OTACJeHHBIN OT KaTOHOTO M1po- 
paHcTBa KpaHoM. Onpesevienua Beancb npu t = 25-+-0,1°.CKkopoctb Bpatienna 
TeKTpoa OOplmHO coctaBsasa 600—1000 06/MHH, B pAe ONbITOB HCMOIb30- 
JIUCb MCHbIIHe CKOpOCTH BpalleHHA. Bce pacTBopb! TOTOBHJIMCh H3 [Bark Jbl 
PeKPUCTAJM3OBAHHBIX Covel HJM paCTBOpeHHeM YMCTBIX MeTaJIOB. Codlb 
DHa JONOJHUTebHO OUMUaacb B TeveHHe 4—5 4acoB Ha MJlaTHHOBOH CeTKe 
atmocdbepe Bogopoga. Kak mpaBuJlo, AIA paOoTbl HCMO/b380BaJIHMCb pacTBOpbI 
bHuenTpanuu 10°-3—10-* mou/a1 no BOCCTAHABJIMBaCMOMY HOHY. 
Tlonapu3auuonnble KpuBble Jd nouop Cd", Tl, Pb** u Zn”, mocrpoenubie 
) OMbITHBIM JaHHbIM, VMeIOT XOPOUIO BbIpaxKeHHble NWNOWatKH MpelebHoro 
Ka, 10 KOTOPbIM HM ONpeesAMacb BeJMYHHA MpeeIbHOrO TOKa Audysun. 
-KauecTBe IpumMepa Ha puc. | mpuBeseHa NOuJApHsallMoHHad KpuBas Pho 
0 BC€M HHTepBasle U3MepeHHH HaO/OMaacb MPONOPILMOHAIbHOCTh MerKyy Mpe- 
JIbHbIM TOKOM H KOHWeHTpaliveli BOCCTaHaBJIMBaeMOrO HOHA HM XOpollaA BOC- 
JOMSBOAMMOCTb OMbITHBIX MaHHbIx. B pesyJIbTaTbl H3MepeHHH BBOMJIaCb M0- 
\aBKa Ha TOK (pona, He mpeBbiwaBuiad 1% oT OOULero TOKa. 
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B a6. 1] npHBegenbl Januble lo Kosppuunentam Audpysuu Cd**, T1*, Phi 
u Zn** ua done KCI B comocraBuleHuu Cc JaHHbIMM Apyrux apropos. Kosi 
IMeHTbI Aupy3suu BHIpaxeHbl B cM?/cek-10°°. 

H3 ra61. 1 BuAHO, uTo KOIPpUNNeHTH Aupbysun, ompeeseHuble C NOMOLLD! 
BpalllalolllerocA JHCKOBOFO dJIeKTPOa, XOPOLWO CorsacyroTcA C KOIpPuUHeHTaMy; 
Auppy3suu, onpesesieHHpimu [llraken 
Oeprom mo Metoxqy Korpesia usu Bb 
YUHCJICHHBIMH M10 ypaBHeHuio MbKoBU 
C BBeJCHHeM COOTBETCTBYIOWIHX MOJIYON 

40) NMpHu4ecKHX MoONmpaBoK (aHHbIe, 06¢ 

3HaYeHHbIe 3Be30UKOH); pacxox*eHu 

He mpepbiiiaeT 2%. HeckobKo 3Haur 

ay TeJIbHee pacxoweHHe C JaHHbIMH JF 
(ppaKUMOHHOrO MHKpomeTosa. 

J\1a uonos Zn** yw T1* Koadbulnenti 

“G2 -O4 = -06 -§8 -106 <Mudhby3sun onpeyerssmcb, Kpome Torc 

B WWMPOKOM HHTepBaJle KOHUeHTpally 

Puc. 1. Tloaapusaunonnaa xpuzaa poceta. oua. J[Jia Gosee eTasbHOrO conocTaB 

NOBMCHHA HOHA cBuHUA Ha done 1N KCl, JICHHA C JaHHbIMH, novlyyenHpimu Muu 

¢ =3,27- 10 mon/n Ka (°) C MOMOIbIO KamebHOTO 93J1eK 

Tpoya, KosdpulluenTa! Audpy3suH uoHo: 

HHHKa ONpeleAIHCh Ha ctbone KCIO; B MHTepBaJle KOHWeHTpalul or 0,6 


La 
60 


0,01 N. ih 


Ha puc. 2 npercrasstena 3aBHCHMOCTD Kosppulluenta uppysuu Zn?* or KBay ii 
PaTHOrO KOpHA 43 KOHWeHTpanun (bona (KCIO,;). Kak BuHO 43 puc. 2, mpx 60} 
Jee BRICOKUX KOHMeHTpanuax KCIO; KoasppulveuT udpysun yBesuunBaeres|i) 


HO Mepe YBeJIMYeHHA KOHMeHTpanun cbo- | 
Ha. Iloqo6uyto 2xe 3aBucumoctTE Kos@u- ce 
WHeHTa udpysuu or KOHIeHTpallun 


Piteuds ee ee KOTOPbIii ee eee ek mud- Audbpaxn. |} 
cbbuuuenta Vow 2 oy are dy3ua B MHKDPOMe-)},, 
Aubpysuu komnaexcoo6pasopannem. Se | Po | sae) | ™ Come 
IIpu 6onee nusKyx KOHMeHTpallHax |" 
KCIO; 3Hayenne Kosppunuenta Aucbipy- “ 
34M YMeHbllaeTca pH yBenuyennn Kon.  °o : 4 7 OF rig 658 iy 
HeHTpallMM (ouwa, uTO cBaA3aHO, MO-BH- Ti+ | 1° 15,98 | 15,67" “a 
AMMomy, c pee oaaee TeHCTBUA Mex- nee yt eh Mee: 8 il 
HOHHBIX CHI. Touxn. 7 - pa pes er 
CTH HW3KUX KOHUeHT ides eg apie hie 754 | 
MenTpauun (bona (Haun Zn2+| 4 PA RA PAY ip 7,94 
Hac 0,1 N KC1O, 4 HMx*Ke), JOxKaTCaA na Of) 6, ban eras 6,41 
TPAMY!O, KOTOpan mpH sKcTpanonanun | 


Ha OecKOHedHOe pasOaBlenne naer 3na- 
Acne Kospuunenra Aabbysun D,=7,10- 107° em?2/cex, XOpOlllo corviacyroukeecs 


CO 3HaYeHHeM, BEIUHCJICHHBIM NO ypaBnennio Hepuxcra Aa 6ecKoHeuHO pa3OaBJiex-| 


D-19° HbIX PaCTBOPOB H3 MOJBHXKHOCTH 
X= 52,8, a umennuo: D=7,04x 


Hble 10 Kosdpulventam ucbmy-|! 


g 

7 Woe X10 eee. Conoctannaa name 
f ; 
5 


! 3HH, MOJIYYeHHbIe IIA WuHKa Ha 
SE SER) ie): ey g§ BpalllaiollemcaA sJleKTpoye, c mo- 
VG ga Jiaporpapuyeckumu Koadbibuynen- 


Puce.2. 
eP Renee arte ontiticeety Audbysun Zn** Tamu Audpysuu, onpenenenusmn 
KOHUeHTpayun dona 
(KC1Os). ¢ BbIPaXKeHO B Tan i Muuka, Mbt BUAHM CylecTBeas 


Hoe pa3MuHe KaK B YHCJIOBbIX 
SHAYCHHAX KosPpHHeHTOB jucb- 
HaMH), TaK M B XOJle 3aBHCHMOCTH 


KO9 
pbuumenta judxpysnu or XOHHeHTpalan doua. Ilo nanupim Muttka, Bo BCeM 


HHTepBaJle KOHMeHTpattult KospPpulMeHTe! Jt 
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udpysun pacryt ¢ poctom KonteH-|. 


ARI 


pattun dona. IIpoposumas um skcrpanossuuA Ha GSecKoHeuHOe pa30aByleHue 
OSTOMY HCCKOJbKO HCHpaBJdeT OWMOKH ONbITa, OMHAKO HM Mp TaKOH aKCTpa- 
NONAWMM MOYdaeTCA ABHO 3aBbillleHHOe 3Ha4ueHHe D = 7,6-107%cm2/cex. 
Uroopt yOequTbesa B MpaBMJIbHOCTH BbICKasaHHOFO MpekNoJOxKeHA O BIHA- 
HUM KOMMJIeKcooOpa3oBaHHA Ha BeIMYMHY Kosdibuluenta Audbysuu, onpitl 
ObIJH MOBTOpeHbI C HOHOM TI*, MeHee CKJIOHHBIM K KOMIIJIeKCOOOpa30BaHHl0, YeM 
won Zn**, Kosbpuunentst Audbysun ompexernauch na (pouHe NepxJiopata HaT- 
pu. M3mepenna Opin npososKeHbI B OOIaCTH BRICOKHX pa3OaBJeHUit (ona Jo 


D-19° 
20 


16 
6 


14 


7 a 


Puc. 3. 3aBucuMocTb Koxppunnenta qudbysuu Tl+ or KBagpatuoro 
KOPHA H3 KOHIeHTpaunu tpona (NaClO,). c BpIpaxeHo B Mow/a 


KOHWeHTpalnu c = 2-10°-*N mpu konuentpauuu Tl*-10-4*N. Onpenenenusa Be- 
JIMCb IPH MaJIbIX CKOPOCTAX BpallieHna dlekTpofa (130—150 06/muH) Bo u36exKa- 
HMe OOJIbIUHX OMHYeECKHX NaleHuli MOTeHIMasia, HCKaxKaloulux tbopMy NoJApusa- 
IMOHHOH KpuBOoH. IIpu pacuetax BHOCHJIacb NOMpaBKa Ha MHTpallulo, a MMeHHO, 
TOK Judpy3uu ig BLIYMCJIAJICA U3 HaOJsOJaemoro ToKa i MO ypaBHeHHIo * 


pon eee 


re Cy— KOHUeHTpalluA paspxrxKalollerocaA KaTHOHAa, C — KOHWeHTpallua dona 
Kpome Toro, BHOCHJIacb MompaBKka Ha H3MeHeHHe KOHIeHTpallHH B Mmpolkecce 
QJIeKTpONM3a, He MpeBbliuaBiuad 1%. 

| Ha puc. 3 mpelcraBleHa 3aBHCHMOCTb Koodpulnenta Auddy3uu TaJJIMA OT 
| KBapaTHOrO KOPHA W3 KOHWeHTpalluu bona. Kak BuHO, B 9TOM CJIy4ae Koadp- 
| buluenT Auddy3uu m0 Mepe yBeJIMYeHHA KOHILEHTpallM (pOHa HeMpepbIBHO Ma- 
jaetT. Ilepppre JecaTb TOUeK XOPOLIO JORKaTCA Ha MpAMY!O, Ip 9KCTPanoAAWMA 
‘KoTOpoH Ha GOecKoHeuHoe pa3s6aBsieHHe nowyuaem D,=19,90- 107° cm?/cex. Ko- 
adbunuert yuddbysun aaa uona T1*, BeraucJeHHbi mo ypaBHenuio Hepucra 
| [id OCCKOHEUHO PasOaBJICHHbIX paCTBOPOB M3 NOABMxKHOCTH 4 = 74,7(°) mpu 25°, 
-papen 19,94-10°° cm?/cex. 

Xopoulee copnayeHve 9KCTPanOJIMpOBaHHbIX 3HaveHH KoapPulMenToB Aup- 
cbysuu c Kospuunentamn Audpy3Hu, BLIuHCJIeHHbIMH MO ypaBHeHuto Hepuxcta, 
TOBOPHT O MpHroHOCTH MeTOa BpalilaloulerocsA SJeKTpoda MA TOUHOFO oMmpe- 
‘flelenua mouiaporpaduyeckux KoappulneHToB Auppysun. - 

Ipunomy rayOokyo 6narofqapHocts akay. A. H. Opymkuny 3a MocToAHHOe 
_ BHUMaHHe K paOore H IWeHHbIe yKasallA pH OOCy2KAeHHH Pe3yJIbTATOB, O/laroja- 
pio Takxe A. HM. Megopory 3a MOMOLb, OKaSaHHY10 MIpH BbINOJIHeHHM padorHl. 


Tloctynuso 
27 VIII 1957 


WMTHPOBAHHAA JIMTEPATYPA 


2B. 7. Jlesuu, Ox3nxo-xumuueckad rugpoqunamuxa, 1952; A. HW. Denoposa, 
Tloknaa wa 4 copemaHuu mo 2sekTpoxumun, M., 1956; > 24H Si tare ke bret g, H. Pil- 
gram, V. Toome, Zs. Elektrochem., 57, 342 (1953). °® A. TW. Poxmreka, KOX, 

31, 404 (1957). * 4.0. Poxmreitu, KX, 380, 1584 (1956). PKIUM ice kia, ‘Chem. 
Listy, 50, 203 (1956). °B. Conway, Electrochemical Data, 1952, p. 145, E. Po t- 
t er, Electrochemistry, 1956, p. 125.7 A. Eucken, Zs. phys. Chem , 59, 72 (1907). 


* OTo ypaBHenue MomyyaeTca 43 POpMYI, MIPHBeAeCHHbIX B (7) pasnoxKeHHeM B PAX M0 C,/c 
C COXpaHeHHeM TepBbIX TpeX WICHOB. 
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loxaann Axkangemun nayk CCCP 
1958. Tom 120, Ne 1 4 


E. B. BYMHWWKAS, WH. £. BOPHCOBA x A. TL. MACbIHCKHA 


JIEMVCTBHE HVOHH3KPYIOWINX M3J1y YEH HA AKTHBHOCTb » 
JIANOKCHAA3bI B MPOPOCTKAX PACTEHHH PA3JIMUHbIX BUOB | 


(IIpedcmaeaeno axademuxom A. H. Onapuxom 3 I 1958) 


B mpempiqymei padote Hamu ObIIo MCCeOBaHO BJMAHHe M3JIyYeHHH Heé) 
JIMMOKCHa3sy HM CYyOCTpaTbl JIMMOMAHOTO OOMeHa — HeHACHILCHHbIe 2KHPHBIE 
KHCJIOTbI H KapOTHH B OmpiTax in vitro (*). Bpito noKa3aHO, uTO OOy4UeHHe KOH-| 
IeHTPHpOBaHHOrO pacTBopa cbepMeHTa osamu fo 100 000 T cymecTBeHHO He| 
H3MCHAJIO AKTHBHOCTH JIMMOKCHA3bI, BbIeeHHOH W3 Ce€MAH COM; HeKOTOpasl 
MHAKTHBAMA HaOsOjlasach JHIb Yepes 48 uac. Mocme oOsyueHHA. JIMUIb IpH) 
o6ulyyeHuH pa3sOaBeHHoro (B 5—7 pa3) HucXO_HOTO pacTBOopa JIMMOKCHa3bi 
TEMH 2K JlO3aMH B TepBble YaCbI TOCe OOJYYeCHHA OTMeYeHO NaeHue ee AKTHB-| 
HocTu Ha 13% (',”). Takum o6pa30M, HaMM OblIO NOKa3aHO, YTO B OMbITAaX if 
vitfo mumokcuyla3a BecbMa ycTOH4MBa K JelcTBUIO OOYUeHHA. | 

B HactTosilen padoTe MbI MCCJIeloBaJI BJIMAHMe PCEHTTeEHOBCKOTO OO YUeHHA 
Ha JMMOKCHAa3y B ONbITax in vivo. Hamu OpiiM BHIOpaHbl caeqyroulHe pacte- 
HHA: “U3 Oo6oBEIxX —coa IIpumopcKas, ropox Ilo6equTemb, cdbacomb JlaTBuA 
uw Hemunnopka, H3 31akKOBbIX — niueHHia MockoBKa u KyKypy3a 3yOoBHqHaa. 

B Hallux uCCIeqOBaHHAX OOyYeHHIO NosBepramucb 10—14-qHeBHBIe Tpo- 
PpOCTKH, BbIPalleHHble B BOAHOM KYJIbTYpe B YCMOBHAX JaOOpaTOPHH JIM Ke BBI- 
paljeHHpre B Tenmuue. Ha 10—14 yenb nomyyamu BoowHe ccbopMupoBaHHBIe 
3eJIeHbIE MPpOpOcTKH, KOTOpbIe H MOABeprasM OGyYeHHIO; WMameTp JIMCTOBOM 
KPOHbI He peBbiwiad I—11 cm. IIpu BeipaujHBaHHH pacTeHH B yCMOBUAX Te- 
MWIKUbI (pacoib, COA) KOPHH MpopocTrKOB nMepeq OOmyYeHHeM OCTOPOXKHO OT- 
MbIBaJIH OT 3eMJIH, 3aTeM NOMelaJIH B CTaKaH C Bool. PacTeHua, BbIpallleHHble 
B BHe BOAHBIX KYJIbTYp, NoABepraiu oOwyueHnio B yauikax Tlerpu. Bo scex 
cilyuaax OOJlyueHHe paCcTeHH NpoHsBOMHIOCb Ha paccTosHuH 18—20 cm, npu 
3TOM HCTOUHHKOM PeCHTIeHOBCKOPO H3JIYYCHHA CJTyKWJIa PeEHTTeHOBCKaA TpyOKa 
PYII-l (15 ma, 190 xB); Mou{HOCTh o3bI, Kak NpaBusio, cocTaBiadta 
500—700 r/mMuH, 3a HCKJMOUCHHeM ONBITOB C MpopocTKaMH CoH, OOMyuaBLUMXcA 
mp mowHoctw 1000 t/mun. 

AXKTUBHOCTh JIMMOKCHa3bl B JIMCTbAX OOJYYeHHBIX pacTeHHH onpeleiaH 
yepes 2—4, 24, 48 uac. nocae o6s1yuenua. BoqHyto BbITHKKY MMNOKCHAa3bI U3 
JIMCTbEB NONYYaIH CleyIouluM OOpasom: 1—2 r mucTbeB pacTHpasM Cc KBap- 
W€BbIM I€CKOM B 3—5 mut cpoctpaTHoro Gydepa pH6,5,3aTem yob6aBasau 15—20 ma 
AMCTHIJIMpOBaHHOK BOAbI. IKCTPakUMIO Be B TeyeHHe 20—30 MMH. pH KOM- 
HaTHOH TemMlepaType, oce ywero TOMOreHaT M3 JIMCTbEB eHTpHdyrupoBasM 
5—7 MMH. Co cKopocTbio 3 THIC. 06/muH. TlowryyeHHEtit mpospauHbrit WeHTpndy- 
raT HCMOIb30BaIH JIA OMpeAeeHHA AKTHBHOCTH JMMOKCHLasbl. AKTHBHOCTb 
JMMOKCHAAaSbl ONPeNeAIM M@HOMeETPHYCCKHM Me€TOJOM, KOTOPbI OCHOBaH Ha 
H3MePpeHHH KOJIMYeCTBA KHCMOpOa, MOMVIOMeHHOTO MPH OKHCJICHHM JIMMOKCH- 
a30H HATPHEBOH COJIM JIMHOJEBOLi KHCJIOTHI, IPHMCHAeMOH B KayecTBe cyOcTpata. 
JIMHOWeBaA KUCIOTA OblIa HAMM MOJIyueHa Mo MeToy, onHCaHHOMY pauee (?,?). 

OnpeyeseHue aKTHBHOCTH JIMMOKCHAasbl MPOBOMMIM CseLYOULUM o6pasomM: 
2 MJI BOMHOTO SKCTPakTa JIMMOKCHAasbl U3 MHCTbEB IIpOPpOCTKOB CMelIMBaJIH 
B MaHOMETPH4eCKOM cocylNKe C | Mil HaTpHeBOH COMM JMHOMeBOH KUCAOTHI, KO- 
TOpax TOTOBHaCb HENOCpeNCTBEHHO Tepe OMbITOM; MpOMOM2KUTeMbHOCTL OTIbI- 
TOB COcTaBJIAIa, KaK TpaBusio, 60 MMH. pH Temnepatype 26, 1—26,6°. 
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IIpH momouH SToro MeToa ObllIa ycTaHOBeHa 3aBHCHMOCTb aKTHBHOCTH 
JIMNOKCHa3bl B  JIMCTbAX MPOPOCTKOB pa3JIMUHbIX PacTeHHH OT O3bI 
peHTreHoBcKoro H3yueHHA. AKTHBHOCTb JIMMOKCHa3bl B JIMCTbAX HeOOMy4eH- 
‘HBIX PaCTeHH ONpPeMeMAIM NapasenbHoO OMpeleeHHlO JIMMOKCHasbI B OOWY- 
YeHHBIX MpopocTKax W NpHHHMasH 3a 100%. PesyabTaTHI ONbITOB MpeACTaBJIeHbI 
Brad. 1. CreqyeT OTMeTHTb, UTO MPOBeAeHHHIe B KaxK JOM CepHH OMbITOB Mapas- 
JIeJIbHbIe ONPeWeeCHHA LaBaJIM XOpOwMe COBMAaNeHHA, KOMeCOAaHHA He MpeBbIWaH 
2—3%. KoneOaHuad cpeqHHx JaHHbIxX [WIA BCeX cepuii ONITOB OODACHAIOTCH 
OTKJIOHCHHAMH B JO3HMETPHH pu OOyYeHHH HM pasMUUAMH (tbu3HOsMOrMYeCcKOrO 
COCTOSHHA pacreHui. 


Ta6uuna 1 


Banauve OOJyYeHHA Ha H3MCHEHHe AKTHBHOCTH JIMMOKCHasbI B JIMCTbAX 
MNpOpoOcTKOB pasHUAbIX pacTeHH B MpOWeHTaX MOrouleHHoro KHCOpoma* 


| 


Pactenue eee Sos Yepes 2— 4 uaca Yepes 24 uaca UYepe3 48 uacos 
| 
Con 1 115,9+ 6,81 | 86,6+ 8,0 | 89,6+ 3,0 
10 WN Ose Ge 4 412,6+ 17,0 99,8-+ 6,2 
30 87,8+ 8,6 Wi Se 2k |) OA Se 12)! 
45 NOW Grias 40 104,6-+ 7,4 oR eerie 
Topox 4 97,4-+ 1,4 pee 44 87,3 =. 33,9 
10 111,14-+ 4,6 1O3 Sae Oy || WOO BSS 48) 
30 74,9+ 5,5 13,9 22a 96,9 + 20,0 
50 Mekse AEe 61,0+12,9 03,0 + 13,5 
@acoulb 4 66,7 + 10,5 MI rae (eis) 71,9+ 16,8 
10 85,8-+ 5,6 130,5+138,0 | 140,4+ 13,3 
30 86,6-+ 8,7 117,724:18,95 |. 104,9-— 3°56 
50 OM SE ey sil 160,0+ 3,3 | 126,1+ 10,0 
TImenuua 4 147,14. 2,7 NAA Sit on.S 71,14 4-11,2 
10 136,3-+ 7,8 123,0+12,0 | 100,7+14,0 
30 135,7 + 16,7 118,14 +11,4 80,0+ 6,5 
00 120,4-+ 9,5 VP Se WAP St Ose Dao 
Kyxkypy3a ‘| 92,8+ 0,0 81,6+ 2,2 HOM CS Saale 
10 93,5 + 14,9 106,0+ 3,9 | 117,1+ 8,0 
30 100,8-+ 2,5 67,9-+ 8,7 76,2+ 0,4 
50 74,4-+ 5,5 93,34- 0,8 71,4+ 11,9 
* TIpupemeHbl cpequve aHHbe 3—5 cepHH onblros, MpoOBeeHHbIX mpH 


3—4 TapasuebHBIX OMpefeseHHAX. 


V3 qaHuHprx Ta6. 1 MoxKHO 3aKJIOUNTh, YTO JHNOKCHa3a Pa3sJIMUHBIX BHIOB 
pacrenuii He BCerya OMMHaKOBO pearupyer Ha OOyyeHue. Hanpumep, oO1yuenue 
IIpOpOcTKOB KyKypy3bl Jo3amu oT 1000 go 50 000 r npuBoguT yxe uepe3s 2— 
4yaca nocie OOyYeHHA K HeOOJIbIOMY MaeHMIO aKTHBHOCTH JIMNOKCHa3bt, 
satem (yepes 24—48 yac.) ee aKTHBHOCTh pe3KO CHMxKaeTcA. HanporTus, saum- 
OKCHa3a MpOpocTKOB MUIeHHUBI, (acouIH, COM «akKTHBUPyeTca» Ipu OOyYeHHH 
TeMH 2Ke O3aMH B MepBble 24 vaca Mocse OOyYeHHA (AKTHBHOCTS B OOJIbIIMH- 
cTBe onpbiTop sBpllue 100%). AnadorMuHbIe WaHHble Moyyenbl Mp padoTe 
¢ Apyrumu cbepmentamu (*°,7*). 

J|d BbIACHeHHA MeXaHH3Ma NOBBIUICHHA AaKTHBHOCTH JIMMOKCHasbl Hamu 
ObIIO HCCeEOBaHO H3MeHeHHe MPOHHMaeMOCTH PaCTHTeJbHbIX TKaHeH pu O6- 
JUHU; Mp 9TOM MbI YYHTHIBAIM, YTO MOBbIMICHHe MPOHMIaeMOCTA MO2KeT 
ObITh BHYTPeHHe CBA3AHO C yBeJIHYeHHeM KOMMUeCTBa WeHCTBylollero cbepMeHTa 
3-6 
; a YBeIMYeHHe MpOHHMaeMocTH yKa3bIBaeTcA B padote ByTeuKo, NoKasaB- 
WleH yBeIMYeHHe BbIZeCHHA S/IeEKTPOJHTOB Mpu OOJYYeEHHU KOpellkoB 3-J{HeB- 
HbIX IpopocTKos oBca (1°). Anasloru4Hble NaHHble HOAYYCHEI B paOoTe mo uccae- 
WOBaHMI0 OGyUeHHEIX WucKOB KapTodensa (*"). 

Onpeyenenve MpoHMIaeMOocTH Ma3MbI JMCTbEB AVIA SeKTPOMMTOB NON BIIMsA- 
HNeM OOYYCHUA MBI MIpOBOAMH TO MeTOAMKe, OMYO/MKOBaHHOH B padoTe 
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Maxcumosa u Colixunoft (15). Hapecxy mucTbes uccaenyembix pactenul (1 r)}) 
noMemlavIM B cTakaHunKH, 3aluBaa 10 ma Onguctunnata. na oOu1erueHHsl fi 
3K300CMOCA 3ICKTPOJMTOB MOFpy2XeHHble B BOY JIMCTbA NOABeprasH BakyYyM-4 
HHHIbTpalwu B TeyeHHe | yaca, MocMe Yero OCTABIAIH CTOATb Ha 3 yaca. 3a- ‘ 
TeM BOLY CIMBaIH HU OMpele AIH 2eKTpoMpoBosHOCTh. BewMyHHa SK300CMOCA 
W3 JIMCTbeB HeEOOMYYeHHEIX pacTeHuli mpHHuMasacb 3a 100%. Jlanubie uccue- i 


JOBaHHH MpHBeeHbI B TaOu. 
Taowgnia 2 


Vismenenue MpOHHWaeMOCTH JIA 9JICEKTPOJMTOB Mod 
BIMAHHeM OOulyueHHa Ha JucTbA 11 — 14-2HeBHbIX 
MpOpocTKoOB pacTeHHhH* B MpoweHTax 


Pacrenne | 39 | “RELI —* |uepes 24 vaca] “Whcon 
Ae 
Ilmenuya} 1 /|105,5-+ 1,5/100,0 — 
10 |1409,0+ 4,0/110,0+ 10,0)102,0 
30 |116,0 {1320 — 
Pacoub 4 |441,0+ 2,0)107,0+ 5,3/109,5+0,5 
10 |102,5-+ 0,5/108,5-+ 4,5/105,0+1,0 
30 106,5-+ 1,5)/125,0+ 2,0/126,1+7,0 
50 |123,0 112,0 147,0 
Topox 10 a 100,5 119,0 
30 |109,6+ 16,0/106,5+ 5,0 — 
50 {133,0 128,0 149 ,0 


* TIpupegenbl cpefHHe fanHpre 2 CepHi OMbITOB, 
TIpOBeMeHHBIX pH 3—4 MapaJJebubIX oOMnpeweeHuax 


V3 npvBeleHHBIX JaHHbIX OYeBHZHO, YTO OOyYeHHe yBeJIMUMBaeT MPOHH- 
Ila€MOCTb MPOTOMMAa3MbI LWIA QICKTPOJIMTOB B 3aBHCHMOCTH OT JO3bI OO yYeHHA 
(1000—50 000 r). Vi3mepeHue aieKTPONPOBOAHOCTH MOSBOJIMJIO yYCTaHOBHTb u3- 
MeHeHHe CYMMapHOH MpOHHWaeMocTu 
yxke pu Jose 1000 r. Takum o6pa3om, 
Bumsave MOHMSHpyI0UlMX M3vIy4YeHHli Ha H3Me- = TIOBbILeCHHE AKTHBHOCTH JIMMOKCHa3bl B 
HeEHHEe COCTaBa ©BOOOMHBIX HM CBA3aAHHBIX JIMNH- OonbiITtax in Vivo MIpOHCXOMT aHaJIOrHuu- 
OB B JIMCTbAX 14-.HEBHHBIX TIPOPOCTKOB S 

HO H3MCHEHHIO OTHOCHTEJIbHOH MpOHH- 


Ta6Oaunua 3 


cbacomn* 
i 2S ollaeMoetn aKanr: 

Chopenuie ena Hakonell, HaMH HCCIeMOBaIMCb XH- 
ATH anu ABI MHUeCKHe H3M€HeEHHA CBOOOHBIX H CBA- 
nep- | nep- S3@HHbIX JIMMHJOB B JIMCTbAX pacTeHuit 

- |OKCH ,»|JIHMH= |OKCE I, 
Ter |MooKs/ | qe, r | monn) ~=©6 MPH OOMyueHun. Bpigenenue mumuyoB 
KP Kr IIpOBOAWIH MpH MOMOWLM SkKCTPAaKUHMH 


MeTPOJeHHbIM SPHPpOM MpH KOMHAaTHOH 
2|0,411 |0,02)0,1615  tTemnepaType, cormacHO  HeCKOJIbKO 
312,30 10,0210,1658 pynowsmeHeHHOli Hamu MeToguKe (1°), 

B cBo6oqHBIX H CBA3AHHBIX JIMMHax 

* IIpupegenbr cpeaune fannbie 2 a- KOHTPOJIbHBIX H OGJYYEHHBIX pacTeHult 
paseIbHbIX OlpeseweHHH uepes 24 uaca NPOBOLMIH ONpeeeHHe NepoKCHAOB Mo 
mocyie OOulyueHHA. 

MeTony TapuHy wu Xaptmana (?”). Us 
JaHHBIX, IPHBEeHHbIX B TAO. 3, BHAHO, YTO peskHe H3MeCHeCHHA HaGuIOMaloTca 
yxe mpu yo3se 1000 r. 

Kak ABCTBYeT H3 MIPHBEACHHbIX aHHbIX, BO (paKkUMH CBOOOLHIX JIMMHOB 
B OOJYYCHHBIX JIHCTbAX (aco COMep2XHTCA M€pOKCHAOB B WeCcTh pa3 Goble, 
4eM B HeOOJIYYCHHbIX. 

TakHM OOpa30M, XapaKTepHbIMH OCOGeHHOCTAMH jlelCTBHA W3IyYeHHA Ha 
JIMMOKCHAasHy1o cucTemy in vivo ABIAeTCA HaJIMuNe H3MeHeEHHH MpH 3HauH- 
TeJIbHO Ooslee HH3KHX 03ax, 4em in vitro, a TakxKe HasIM4uNe CTAHN AKTHBALMH 
(pepMeHTHOM CHCTeMbI pH He OYeHb BEICOKHX JO3aX HM MaJIOM MpoomKuTeIb- 
HOCTH HMHKYyOalMu Nocie OOyueHUA. 
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Bes o6nyuenua |0, 
1000 r 0, 


0 
0 


To o6cTosxTelbcTBO, 4TO B ONBITax in vitro qaxe npn jose 100 000 r He 
OufOLaIOCb HSMCHEHUA AKTHBHOCTH JIMMOKCHa3bl WIM MpOHCXo,UusO He6oub- 
€ MOHW2KeHHe €€ AKTHBHOCTH, YKa3bIBaeT Ha TO, YTO 3HAUHTeJIbHOe H3MeHe- 
e, BbIpaxKaiolleeCA B aKkTHBallMu epMeHTa B onbiTax in vivo yxe mpu no3e 
)00 T He MOxKeT OOBACHATHCA HEMOCPeACTBEHHBIMH H3MCHCHHAMH JIMMOKCHa3bl 
pH OOyYeHHH. 

H3mMeHeHue OTHOCHTeIbHOM MpOHHIaeMOCTH B JMCTbAX MpopocTKoB pacte- 
H pH eHcTBMM MOHM3MpylOMMX M3syyeHHit (Ta6n. 2) NoKasbIBaeT, UTO pH 
JyYeHHU MpOWCXOAMT Hapyllienve BHYTPeHHeH CTPyKTYPbI KJIeTOK, MpHBO- 
ulee K OOJIerueHHIO BbIMBIBAHHA SJICKTPOJHTOB BO BHEIIIHIOIO cpelly. 
BeposTHO STMHMM 2Ke M3MCHCHHAMM BHYTPeHHHX CTPyKTyp MIM MpoHHiae- 
OCTH KJI€ETOK CulIeqyeT OODACHHTD HaGMIOLaeMbIe MSMCHEHHA AKTHBHOCTH JIMI- 
KCHasbl, KOTOpPble, TAKHM OOpaso0M, OOYCJIOBJIEHLI BTOPHYHLIMH H3MeCHEHHAMH 
PYKTYpbl KeTOK NpH oOsyyenun. 

Hasmune MpomMexyTouHOn cTaqHM akTMBalluu pxAJa mporeccos o6meHa Be- 
ecTB (OMOCHHTe3a OeKOB, YIIeCBOOB, HYKJICHHOBIX KHCJIOT H Jp.) pacTeHuii 
pu oOlyueHuu ObIo TakxKe NoKa3aHO B. WH. Kamauesolt (°). OOmee 3Hayenne 
oro adpdekTa B CBASH C TeopHeli paMoOuosorMyeckoro feliCcTBHA ObIIO pac- 
MOTPeHO OHM U3 Hac (°). 
KoukpeTuble (POpMbI NPOABJICHHA H3MCHEHHA BHYTPeCHHHX CTPyKTyp KsIeTOK 
pH OOYYeHHM MOFyT BapbupOBaTh AIA pasIMYHEIX BUOB pacTeHH; Tak, Ha- 
DUMep, WIA JIMCTbEB KYKYPY3bI, B OOJIbINMHCTBE ONbITOB HaGOMaeTCA JIMIIb 
MeHbIUeCHHe AKTHBHOCTH JIMNOKcHaspr. OOsyyenue BBICOKMMH JO3aMu (BBILIe 
0 000—50 000 r) npu npoxomKuTembHOCTH HHKYyGaluN cBbIIe 48 ac. y Goub- 
WMHCTBA BHAOB pacTeHHH IIpHBOAMT K NocweLyrouleH MHaKTHBalMH epmMeuHTa. 

VutepecubiM ABJIAeTCA 3HaUHTeMbHOe yBemMueHHe (Ta6m. 3) KOmMUeCTBa 
ié_pekHCeH HEHACHIIMeCHHBIX 2KHPHbIX KHCJIOT y2Ke IPH HU3KHX WO3ax OOyueHuA 
1000 r). Stu WaHHble, BNepBbIe YCTAHOBJICHHbIe JIA pacTeHuH, 3HauHTebHO 
PeBOCXOAAT pe3yIbTATEI, MomyYeHHBIe panee AA xKMBOTHEIX (18 *?), Ha6wto- 
aeMOe OKHCJICHHe BePOATHO OGOYCJIOBIeHO elcTBHeM (bepMeHTOB in vivo, 
aK Kak lIpu oOslyyeHHu cyOcTpaToB sHNO“zHOrO OOmena in vitro (7,2%) noq06- 
IX 93¢pcpeKTOB He OTMeyeHO. 

Bauay s3HauMTeIbHoro§ (pu3MosorHueckoro § leHCTBHA MH TOKCHYeCKHX 
‘BOHCTB epeKHCeli HEHACBIIeCHHbIX 2KHPHBIX KHCJOT M3yYeHHe YCJIOBHH UX 
\OpasoBaHHA MpelcTaBAeT OosIbWIONH MHTepec. 

VWuctutyt Ovoxumuu um. A. H. Baxa Tlocrynuo 
Axayjemun Hayk CCCP 2 I 1958 
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Jloxaann Akayemun Hayk CCCP 
1958. Tom 120, Ne 1 


XHMHYECKAA TEXHOJOMH, 


ll. B. PEJIby, wu M. C. NMETPYWEBCKHA 
PACTBOPHMOCTb YIJIEPOJA B PEPPOCKJINKOMAPIAHILE 
(ITpedcmaeaeno axademuxom C. H. Boaodxoeusem 6 1X 1957) 


CuctemaTuyeckHe JaHHble 0 pacTBOpHMOCTH yrulepoja B cnuiaBax Mn—Si—C 
Mn—Si—Fe—C Bs TexHHyeckoH suTepaType oTcytcTByroT. Mmertca sum 
CIMHHUHBIe UCcCeqOBaHUuA cucTempl Mn—Si—C, a Takxe HaOmo0eHuA 3a cc 
Tlepkauuem yrviepoqa B TeXHHYeCKHX (oObruHO He€HACBILICHHBIX YIvIepOON 
cbeppomapranule u deppocuuKomapranue (* °). BcBa3H C 9THM aBTOpbI HaCTOs 
Wlero COOOUICHHA BbINOJIHWJIM UCCJIeOBaHHe PaCTBOPHMOCTH yrulepoda B CHHTE 
THYeCKUX claBax Fe—Mn—Si, cofep2xauux Jo 50 Bec. % KkpemHuA Tp 
1460°. | 


Codepanue Fe 
16 Je 46 64 60 Gece % 


Codepravae C 


% 


1G J 48 64 00 bec % 
Codepanue Mn 


Puc. 1. Pacrsopumoctb yrmepoya B xKeNe30-MapraHUeBbIX CiviaBax 
npn 1460°. J — no janupim (4); 2 — B atTmochepe a30Ta NO AaHHbIM 
aBTOpoB, 3— B aTmOc(epe aproHa NO aHHbIM aBTOPOB 


HcxoqubiMa MaTepualaMH ciyxH aeKTpOMNTHYeCKH MapraHell, apMKO 
*Kee3O, a TaK?Ke TEXHMYeECKHH KpeMHHH (98,5% Si). [Inapku (Becom oxKoui 
200 r) ocymecTBAanHcb B rpa*HTOBbIX THIMVIAX B KpuNTOMOBOH nea. Kont 
POJIbHbIe OMbITHI MPOBOAMIMCb B aTMOcdepe aprona. 

, [pu usyyennu pacrBopumocru yruiepoya B xKee30-MapraHUeBbIX CIvlaBa: 
(cm. puc. 1) Obl NOmyYeHbI LaHHBIe, HEMIOXO COrIaCylolulNeca C pes ybTaTaM} 
usmepenui “nnmana u Tomcona (*). Oka3aiocb, ¥To c pocToM KOHUeHTpalH 
MapraHila B CiWiaBe JIMHe€HHO BO3pacTaeT MH PaCTBOPHMOCTb B HEM yraepora 
OIKCIEPHMEHTaIbHbIe aHHbIe MOX%KHO ONMCaTh ypaBHeHuaMu * 


[C]re,mn = 5,1 + 0,0265 [Mn], 
No" ™" = 0,276 — 0,096 Nre= 0,203 + 0,1 Na. 


* Siecb, Kak uf Jauiee, BbIpaxenue [i] O6osHauaeT KOHLeHTpauMo KoMMoHeHTa i, BbIParKeH 
HYIO B BeCOBbIX IIPOWeHTax. 
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Tlonaran, uro KosqdxpullvenT akTuBHocTH yruiepoya B HacCbILeHHOM 2Kevlese 
HE paBeH E€J\MHHIe, HaXOAMM 3aBMCHMOCTD vyEe Mn or coctapa civlaBa 


Fe 
yk Nin a os = ee een 
G nie Mn al + 0,492 Non : 


JlorapuMupya u passarad STO BbIparKenue B pay Telnopa u or6pacbipaa 
aJIble ClaraeMble, HMeeM 


Fe, Mn 
ise 
B -yacrHoli cucreme Fe —Si spinonnammebn ncceqopanna pacTBOpHMocTH 
yriepowa B ciilapax, cofepxalnx to ~ 40% Si. Tonyuennpie pesyabtatbl 
CM. pc. 2), HaxXO{ALIMeCA B YOBJIeCTBOPHTeELHOM corsacuu c JavHbIMH Mpes- 
eCTBYIOUMX HCceqoBaTewel (+), MOryT ObITb ONNCaHbI ypaBHeHHeM 


Ig Noo! = — 0,70 — 2,15 Ns, — 2,25 Ny. 


=—0,214Nmn, Ig NE*™"0,70 + 0,214 Nan. 


IJonaraa, Kak M mpexye, yi = 1 (qna HacbieHHoro pactBopa yrviepona 
B *Kelese), HMeeM 


Ig yher St = 2,15 Ns + 2,25 N2.. 


Codepanue C 


No 


40 bee % 
Codepkanue Si 


Puc. 2. PactsopumoctTs yrsiepoga B cmiaBax Fe, Si, Mn, Si u Fe, Mn, Si npu 
1460° 


Jina cnmapop Mn, Si (puc. 2) Obi MouyyeHbl WaHHble, OMMCbIBaeMbIe BbI- 
parkeHHeM 


io Vem St — 0,56 — 0,8.Vs — 4,5 Vai. 
V3 nero, nonaras, uro mpu Ng = 0 N2" — at", Haxojum 
Ig ym St = 0,8 Mei +14,5 V3,- 


Jina conoctaBjeHun Ha pic. 3 mpuBegenbl rpacbHKH s3aBucumocru lg yz oT 


cocTaBa civiaBa. Onw moKka3biBpaioT, uTO Mn OTHOCHTesIbHO cs1a00 yMeHbulaerT, 
a KPeMHHH CHIbHO yBenMunBaeT y,. IIpuynnbl sTOrO MerKO OODACHAIOTCA H3Me- 


HeHHeM XapakTepa MexKyYacTHYHOrO B3aNMOeHCTBHS. [leiicteiteNbHo, BBeqeHHe 
Mn Beyer K CYUIeCTBEHHOMY YIpOUHeHMIO CBA3eH yruiepofa, TaK KaK ¢mn,c = 
= ¢fe,c. Hanpotus, KpemHuli OOpasyeT mpouHble rpyMmMpoBKH C aTOMaMu Fe 
(u Mn), TeM camMbIM cnoco6cTByA pocTy aKTHBHOCTH yrsepora. Cneqyet 3a- 
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ae 
MeTHTb, 4UTO YCTAHOBJIEHHOe HepaBeHCTBO ee B65 (Ss i O6yCJIOBJIEHO a x 
mpwuvHamu. C ofHO CTOPOHbI, OHO BbISBaHO OOVJIbILNMMH CBA3SMM ATOMOBYT I 


02 04 OG 


YK a a Ke ee ae Ke KM KN, 


Puc. 3. Banaue KpemHua (H MapraHlita) Ha KOSpPHUHeHT aK- 
THBHOCTH yrulepofa B cnaBax Fe, Si, Cu Mn, Si, C (a Taxxe 
Fe, Mn, C) mpu 1460° 


pojla c MapraHleM (¢mn,c >> éFe,c), a C ApyrolH — OOpaTHbIM COOTHOINeHHEM JI 
nap MeTaJJI — KpeMHHH (Fe, si >> Emn, si)- 


3i 


Fe « . a eT ST 5 gt TT RO 
6 & © 2 te SF 4 GW 2 & 


Codepranue Fe 


Puc. 4. Tapamerpnueckas ([C]-const) guarpamma pactBopumocta 
yraepoza B cnmaBax Fe, Mn, Si mpu 1460° (8 npeanosoxennn, 
uto [Fe] -+ [Mn] + [C] = 100%). Conepaxanne C 8 %: a — nO 
0,10; 6 — or 0,11 no 0,20; e — or 0,21 go 0,50; 2—or0,51 no 
1,00; 0 — of 1,01 no 2,00; e — of 2,01 m0 3,00: ac —or 3,01 no 
4,00; 3 — of 4,01 no 5,00;- uw — or 5,01 n0 6,00; x—or 6,01 no 7,50 


PesyJIbTaTbi UCCIeMOBaHHA YeTRCPHBIX CMVaBOB MIpHBeyeHbl Ha pyc. 4} (nc 
CTPOCHHOM B MpeAmomoxKeHuH, To [Fe] + [Mn] + [Si] ='100% mM 4acTHUR 
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puc. 2. Kak BHAHO H3 HUX, UM 3f/eCbC pocToM cosepKaHUA KPeMHUA pacTBo- 
MOCTb yrviepoyla ObicTpo yOpipaet. Hanpotus, 3amena »Kene3a MapraHiiem 
eT K NOHMKeHHIO KOSPPUUMeHTAa AKTHBHOCTH yrseposa, uTO OObBACHAeTCA 
Hee MIPHBeJeHHbBIMM OOcTOATeNbCTBamu. J\elicTBHTeIbHO, B paccMaTpHBae- 
M CIJlaBe COOTHOWEHHE CHI CBASH MeXy aTOMaMH Pa3HbIX SJIeMeHTOB CHoO- 
OcTByeT OOpas0BaHHt0 CHOOTAKCHCOB, YaCTb M3 KOTOPHIX OOOFalllaeTCA aTOMAaMH 
PM Si (cre, sinemn. si), a Apyrad MnuC (emp. C>ére, c). OUeBUHO, YTO B STHX 
MOBUAX MOBbIIMCHHe KOHUCHTPawMH Mapranwa OOycJIOoBMBaeT Oomee MpoU- 
1€ CBA3H ATOMOB yrvlepofla C MeTaJIJIOM, T. €. MOHW2KaeT ero KOS*PHIMMeHT ak- 
BHOCTH. OjHako NofoOHoe BIMAHMe MapraHila MposBaAeTcA JocTaTOUHO 
TKO JIMIUb B MaJIOKP€MHHCTHIX CNaBaX, B KOTOPBIX aTOMbl KP€MHHA MIpH- 
TCTBYIOT B OCHOBHOM B llapHbIX KOMOHHALMAX C aTOMaMH 2%xKeIe3a. B cme2KHBIX 
oOMacTAX HakaliMBaiotca yvactuypt Fe, Mn u C. B cusmy panee oTmeyenHoro 
paBeHCTBa (yn, csr, c) B9THX YCOBMAX KOS: PHUMEHT AKTHBHOCTH _yrsepoja 
aHOBHTCA TeM MeHbIle, YeM BbIWe COMepKaHHe B CiwIaBe MaprauHlla, T. e. 4eM 
}OobILeH CTeMeHH YMPOUHAIOTCA CBA3H MeEXKAY YaCTHMAMH yruleposa uv MeTad- 
. Hlorbiiienve xe COsepKaHHA B CiaBe KPpeMHHA OOycMOBNMBaeT crepBa 
MeHeHHe cocTaBa cHOoTakcHcoB (o6eqHeHNe OGNacTel, O6oraljeHHBIX yrse- 
JOM, ATOMaMH >Kevle3a), a 3ATeEM HW MpaKTHYeECKH MOJIHOe CBASbIBAHHe YacTHlL 
ielesa HU MapraHila B ¢opmMe AMHaMMYeCKHX FpyNNHpOBOK — aHasIOrOB MOHO- 
iMUAOB. B stHxX yCMOBHAX OOpas0BaHHe CHOOTaKCHCoB, OGorallleHHbIX yrue- 
00M, CTaHOBHTCA MaJIO BEPOATEBIM, a PaCTBOPMMOCThb yruiepola OKagblBaeTCA 
a0o UYBCTBHTeJIbHOM K H3MeHeHHIO CooTHOWeHHA Nee: Nun, B CHJTY Yero 
SOKOHICHTpallMOHHble KPHEbIe Ha PHC. 4 CTaHOBATCA MpakTHYeCKH Mapasedb- 
bIMH OCHOBaHHIO (Fe, Mn)-zuarpammMul. 

 KauectsenHo ycTaHOBJIeHHbie 3aBHCMMOCTH yd oT cocTaBa capa MO2%KHO 
OACHUTb, MCXOJA W3 TeEOPHM PeryJISAPHbIX pacTBOpOB. 

_ Kak BHHO H3 MpHBeeHHbIX BbIle TpaPHKOB, 3aMeHa 2Kevslesa MapraHijem 
HaIOrHuHO cucteMe Mn—Fe—C) Beyer kK lpakTHYeCKH JIMHeHHOMY MOBBI- 
IeHHIO pacTBOpHMocTH yruiepoya. B cBxa3H C 3THM cOjlepKaHHe yrsiepofa B Ha- 
bIN[CHHbIX UYETbIPEXKOMMOHEHTHBIX pacilaBaX MOXKHO OMpesesMTbh MO mpaBHly 
MellleHHA 

C [Fe] [Clre, Si [Mn] [Clan, Si 

[ Ima, Fe, Si = [Fey [Mn] [Fe] [Mn]? 


ne [C]mn, Fe, sir [C]re, si, [C]mn, si — pacTBOPHMOCTH yrJepoya B COOTBETCTBYIO- 
IMX cMlaBax, XapaKTepH3yeMbIX 3aJ[aHHOW KOHIeHTpallueH KPeMHHA. 


YpasibcKHH MOJIMTeXHHYECKHH MHCTHTYT Tloecrynu.t0 
um. C. M. Kuposa OX 1957 


IHTHPOBAHHAA JIATEPATYPA 


TO AEC re ria Ae Braen On Hine ix 274 1252) (1954) 2 Are TK peau a 
0 B, DuekTpometasyprusa deppocnnapos, 1936. %*T. Kootz, A. Michel, H. Rel- 
ermeyer, Arch. Eisenhtittenwes., 25, 299 (1954). ‘4J. Chipman etal., Trans. 
m. Soc. Metals, 44, 1215 (1952). ; 
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Jloxaage Ankagemuu nayx CCCP 
1958. Tom 120, Ne 4 


XHMHYECKAA TEXHOJIOLHA 


H. A. FOJIbJIBEPY u 10. 1. 3HAMEHCKHU 


KMHETHKA ASOTHPOBAHHS KAPBHJIA KAJIbUKA 


(ITpedcmaeaexo axademuxom C. H, Boaodkoeusem 29 XII 1957) 


B 1956 r. Hamu Opiila OMMCaHa MeTOJMKa M3yYeHHA CKOPOCTH XHMMUeCKOH 
peakUMM B CHCTeMe MOJIMAUCHepcHbie TBePAble YaCTHUbI — Tras H B KayeCcTBE 
TipHMepa IIPHBeeHLI pe3ybTaTbI OOpadoTKu SIUC ei WaHHBIX Ie 
KHHeETHKe a30THPOBaHHA KapOusa Kabuna (*). 

Ucnomb3ya Ty *e MeTOAUKY, MbI Ooslee JeTaIbHO HCCeLOBaH BJIMAHHE pas: 
JIMUHBIX No6aBoK (CaCl,, CaF,, BaF,, NaF, Na,SiF,, CaCN, + C), a Take 
MapWHasIbHOrO TaBsJIeHHA a30Ta Ha CKOPOCTb peaKUHH a30THPOBaHuA KapOuda 
KaJIbUu A. 

Bo spcex OMbITaX MbI HCMOJIb30BaIM MOM AuCHepcHyto cMeCh YacTHI, TEXHH- 
uecKoro KapOula KaJIblua, ConepxKautero 64,9% CaC,, 2% SiO, 3,0% ReOg, 
0,93% C, 0,4% S, 0,9% CaCNs 
(no asoTy). Kpupaa pacmpefese- 
HHA KapOHTHOH WHAXTbI, MOTyueH- 
Had CeHMeCHTOMeTPHYeCKHM METO- 
OM, Mpefctapsena Ha puc. |. Ha 
3TOM 2Ke PpuCyHke MpecTaBsena 
3aBHCHMOCTb CTemeHH MpeBpalile- 
HHA KapOua KaJiblluA OT pa3Me- 
PpOB NOJHOCTbIO §=MpopearHpoBaB- 
mux uactun:.% =f (R-), paccuu- 
TaHHaA YpacoaHasuTHyeckH M0 
ypapHeHusam (1), (2) pa6otsr (2). 
wary IlpuMeHsBiuneca B OMbITaX JO- 
Puc. 1. Kpupan a = f(R,) (1) u Kpupaa pacnpe- OaBKH COJepKasIu4 OCHOBHOTO Be- 

NeNeHHA YCTHL KapOuHOH WHXTI To Becy (2) IlecTBa: CaCl, — "992%, Ga F3 = 

99,2%, BaF, —99,7%; “NaF = 

98,3%, Na Sif; —97,1%. Cmecb CaCN, + C 6pila MpHroToBeHa a30THPOBa- 

HHeM KapOna KaJIbIlun os KaKkuXx- -1460 YCKOPAIOMMX WOOaBoK HM cosepxKasa 
12,9% cBa3aHHOrO a3oTa. 

Gieaen NOCTaBJICHHbIC WA USYYeHUA BMAHHA MaplwabHOrO AaBeHHA 
az0Ta, ObIIH MpOBeqeHbI C MPHMeHeHHeM a30TO-aproHHBIx cmeceli mpH 1050‘ 
WIA, KapOua KalbuuA: 6e3 166aB0K u)rpu 1000° na KapOuda KabuNsA C MO6aB: 
Ko 1,5% CaF,. A30To-aproHHpie CMeCH TOTOBHJIM C Pa3vJIMYHBIM OOBeMHBIN 
COOTHOLUCHHEM N, HAY (5: 1,2:1, Pol, o2.1 23). Meraciaparopassaane 
BY!0 CMeCb HalpaBJAJIM B YCTaHOBKY, OMMCaHHyt10 panee ('). 


COOGEE ae SKCICPHMCHTAJIbHBIX JaHHbIX, MOJIYYCHHBIX B BUe TpauKoE 
N (a) 
7 = F(t), c rpapukom dyukunu « = F(R.) (puc. 1) ama Bcex yxKa: 


a=] 


3aHHBIX BpIWe MOOaBOK B HCCeOBAHHOM HHTepBale TemMMepaTyp MpHBolut 
K KHHe€THYeCKOMY YPpaBHeHHI0: 


Recre ien (qj 


rye ae ee CkKOpocTH peakUWH, * —Bpema. SHaueHua k mpnBesenp 
B -TaGial: 
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- Upupenennpie B Ta6. | KoncTantel ckopocTu peakiwmu YLoBNeTBOpAIOT y paB- 
HeHHIO Appexnnyca : eI 
k= Roe FIRS, y TG (2) 


WTO MOSBOIACT BHIYHCIMTb BeIMYHHY SHeEpruit aKTHBauNN E (KKauI/T-MOJI) 
M MpeASKCMOHEHIMAIbHBIX YWieHOB ky (Mukpoui/mun). PesyabTaTHl STHX BBI- 
Feaantitok eee eee (puc. 2), uTo 
O t . 
G5 %CaF 2 A yp eCHHeCM | 


Zi taFe(Toepea), Py calc, ky = ki ca8, (3) 


45% Cafe roe k’) = 1,41 (mukpox/muy), a = 


10 = 0,352 (kkan/r-mou) 2. 
4 
10 
< 6 
¥ 42 


| 23 
is 
@ “16 
/ 
nf Ug ky = G05 48! 
20 40 60 60 kkan/e-man “en a oh ye ee) 
E Le? 
Puc. 2. JIMHetiHad 3aBHCHMOCTb MexK]Y Puc. 3. R= U(P) ana Kap6una 
lg ko uv E ana ag0THPOBaHHA KapOuza KauIblua c QoOapKon 1,5% CaFs 
KaJIbuuat mpu 1000° (1) u aaa Kap6naa 6e3 


noOaBok npu 1050° (2) 


SaBucuMocTb Bulla (3) paHee Oba OGHapyxKeHa AVIA HEKOTOPHIX KaTauTH- 
yeCKHX Peak Hu OOcyxKeHa B paGoTax (**). JIlmaA HeKaTamMTHYeCKHX peak- 
WH Takad Ke 3aBHCHMOCTb OblJia HaliqeHa IPH H3yYeHHH B3aMMOEHCTBUA VIIA 
¢ KHCIOpoyoM u yrueKucsoTon (*). Jaa TonMOXHMHYeCKHX peakUHii, K THMY KO- 
TOPbIX OTHOCHTCA peaKUHA B3aNMOJeHCTBHA KapOufa KaJIbUMA C a30TOM, 3a- 
BUCHMOCTb Bia (3), HaCKOJIbKO HaM H3BeCTHO, NOKa3aHa BnepBble. Mcxoaa u3 
MpelcTaBeHu TEOPHH MOAMPHIUMPOBAaHHA KaTau3aTOpPOB, pasBuTol C. 3. Po- 


TaOauna 4 


KoucTaHTbI CKOpocTH peak azs0THpoRaHHa CaCz Np pa3JIMUHbIX Temnepa/ypax WH YCKOpsto- 
WiHx RoOOaBKax. JlaBseHHe a30ta 760 mm prt. ct. Pa3smepnoctbh k — MHKpOHbI-MHH.} 


YcKopslouyye Jlo6aBku B Pere per yp aac 
% OT Beca T 

ote WHXTbI 850 900 950 1000 1050 
CaC, 

(6e3 Jo- 

OaBKu) — — 0,0055 0,02 0,075 
CaCNo+C 10,0 — — 0,0065 0,025 0,085 
CaCl, Hie) 0,04 0,075 OMe — — 
CaCl, 20 0,0175 0,0425 0,085 0,19 = 
CaCl> 1,0 3 0,008 oe 0,095 | 0,24 
CaF, 3,0 — — 0,05 Oais 0,265 
CaF, Aba — 0,04 Ona OPAde 
CaF, ORO — — — 0,07 0722 
BaF. Pa) — 0,02 0,045 0,085 0,225 
NaF 1,0 = Es 0,035 0,12 0.3 
NapSiFg 1,0 es 0,04 0,045 0,095 | 0,26 
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ruucKuM (8,!°), BaHAHHe yYCKOpAIOIMX BOOaBOK MO%KHO OOBACHHTb MpOMOTH 
PpOBaHHeM peaKIMOHHOM MoBepXHOCTH KapOuJa KaJbiHA. 

PesysIbTaTbI ONbITOB MO a30THPOBaHHIO KapOua KaJIbIMA MPH pasHbIxX Map: 
WHaJIbHbIX LaBleHuax (puc. 3) NOKa3bIBaloT, UTO MapWHaIbHOe WaBJIeHHe a30TE 
M COOTBETCTBYIONaA CMY KOHCTaHTa CKOPOCTH peaKUHH CBA3AHbI 3ABHCHMOCTbK 


(Po) 
py ee P 


5? (4 
rye: Rk) w ko) — koncTaHTb! CKOpocTH peakiuu (MuKpOHbI/MHH.) MpH Nap: 
aJIbHOM JaBsieHHH a3zoTa P (MM pT. CT.) H HOPMaJIbHOM JlaBleHHH P). 
TakuM oO6pa30M, peakKUMA a30THPpOBaHHA KapOua KaJIbILMA MpoTekael 
MO MepBOMY HOPARKY OTHOCHTeIbHO a30TA. | 
B 3akm104ueHHe OTMeTHM, YTO MOCMeMOBaTebHaA MOACTAHOBKa B YPaBHeHHe 
(1) ypapyenuit (2), (3) u (4), a TakKxKe UMCICHHbIX 3HaYeHH BCeX MOCTOAHHBIX 


MPHBOAMT K KHHETHYCCKOMY YPaBHEHHlO 


R, = 18,55-1074+Prexp [z (0,352 — =) ; (5) 


o6o6ularoulem y BCe pe3yJIbTaTbl Hallux HuccIeqOBaHHH MO KHHeTHKe peakWHu 
a30THPOBaHHA KapOuya KaJIbUAA. 


TocyjapcTBeHHbli HayYHO-HCCJIeOBaTeNbCKHH Tloctynnsio 
HM IIpOeCKTHbIM HECTHTYT A30THOH MPOMbILIJIGHHOCTH 24 XII 1957 


UWHTHPOBAHHAS JIMTEPATYPA 


1H. A. Tonpaoéepr, lO. 7. 3Hamenckun, JAH, 110, Ne 6, 1048 (19568 
* F.Consta ble, Proc. Roy. Soc., A, 108, 355 (1925): * E. “Creme r, Zs: phys. Chenmy 
A, 144, 3/4, 231 (1929). * E.Cremer, G.M. Schwab, Zs. phys. Chem., A, 144, 3/4; 235 
(1929). §&C. 3. Poruuckuh, J. B. PosenKesn4, Zs. Phys. Chem., B, 10,47 
(1930): KX, 1, 293 (1930): 2, 45 (1931). ® E. H. Pano, K@X, 2,253 (1931). 7? “Al wae 
Banaugun, KX, 4, 257 (1933). SC. 3. PoruucecKkut, KOX, 21, 1143 (19478 
9 JI. A. By auc, KT®, 16, 83 (1946). 29°C. 3. Pornucku it, Ancop6uua u KaTanH3 
Ha HeEOMHOPOAHbIX MOBepxHocTax, M3n. AH CCCP, 1947. 


HWornano Akanemun Hayk CCCP 
1958. Tom 120, No 4 


XHMHYECKAA TEXHOJIOTHA 
JIKO TYAH-LSIOHb u B. A. MAJIFOCOB 
K PACYUETY TIPOLWECCA TJIEHOUHOW PEKTH®MKALMH 
(ITpedcmaeaeno axademuxom C. H. Boaodxoeusem 21 XII 1957) 


Becrxapep ('*) gam ypaBHenne Aa onpeeneHus BBICOTE! 9KBUBaJIeHTHOL 
TEOPeETHYECKOH TapeKUH UPH peKTHPHKALMH B KOJIOHHAX C OPOLaeMbIMH CTeH- 
Kamu. IIpH BpiBowe 9TOrO ypaBHeHHA Obl CemaHbl HEKOTOPbIe JOMyMLeHHA, 
CMpaBeVIMBble JIMLIb AVIA 3HaYeHHM KOSpPPuUMeHTa pa3qeeHHA a, BeCbMa 
OM3KHX K equHHue. B. A. Mamocos, H. H. Ymuux, H. M. )Kaspoponkos (4) 
Noka3aJIH, YTO PopMyvia BecTxaBepa He JaeT JOcTaTOUHO xoOpollero coBnameHuA 
€ SKCNeEPHMeHTOM MPH pa3seueHHu CMeCeH, HMEIOLINX KOSPPUUNeHT pasqeseHua 
Oobue 1,1, H mpedoxMIM MHOH MeTOL pacueta MieHOUHOH peKTHdpuKauUun, 
/OCHOBaHHBIH Ha OMpeeJICHHM BbICOTbI EAMHHUbI Macconepegaun A. B HacToa- 
‘ue paOoTe JaeTca nonmbitKa Ooslee cTpororo BbIBO,a YpaBHeHHA WIA onpese- 
JI@HUA BbICOTbI! 29KBUBAJICHTHOH TeopeTHYeCKOH TapemKU A, ucxoAA u3 Mpesno- 
| AOXKeHHA, YTO BCe COMPOTHBJIEHHe MaccooO6meHy CocpeOTOUeHO B MapoBoH (pase. 

Cuntas, uro Audcby3uA KOMNOHeHTa HMeeT CYLIECTBEHHOe 3HAYeHHE TOJIbKO 
B paquaJIbHOM HallpaBJieHHuu, OyeM UMeTb 


© (Er on) = 2 on (1) 


PemOn Or 202? 


re  — KOHIeHTpalluaA TAKeNONeTyYero KOMNMOHeHTAa B Napax; D — xoaddnu- 
WHueHT Auddy3uu; Ww, — ckopocTb Mapa B HallpaBJIeHHH OCH Z. 

YpaBHeHHe MaTepHasIbHOro OaslaHca TAxKeONeTYYerO KOMMOHEHTAa B MIpo- 
W3BOJIbHOM Ce€4CHHH KOJIOHHbI OyyeT 


enc N) DS | 2nr dr = 0, ) (2) 


0 

rye N—cpeHAA KOHIeHTpPalluA TAKeOeTyYerO KOMIOHEHTA B 2KHJKOCTH; 
ro — pawuyc KOJIOHHbI. 
Bsaoaa o603HayeHHuA 


le To 


Op | w.2ar digas, OC (i) \ w2er dr 


0 0 
wu uuHTerpupys (1) u (2), NomwyyMM: 
ro r To 3 
(Mtrer, —N)Q (ro) = \ ae le wor dr +\ D Oar dr. (3) 
0 0 0 ' 


TlonyymB cxofHoe ypaBHeHne, BectxaBep HHTerpupoBasl ero, CuHTaH 
On / dz = const. Oguako 3To Npeg_nomoxKeHHe MOxeT ObITb COOCHOBaHO TOJIbKO 
ia cMeceli c %, BeCbMa OuM3KHM K eJMHMUe, a B COWEM cuy4uae On / Oz 3a- 
BHCHT TakxKe OT 7. C JOCTaTOUHbIM OCHOBaHHEM MO?KHO MNPHO/IMKeHHO Mpef- 
CTaBMTb (PyHKuMIO n(r, Z) B BUe NpOusBeseHHA AByX He3aBUCHMBIX (pyHKWHH: 


te ee Ze) (a) 
N (2) = RnZ (2), (0) 

M Tora 
on R (r) (8) 
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Tlogctapaaa (a), (6), (B) B (3), HMeeM: 


To lf 


Z (2) [R (ro) — Rul Q (ro) = Se [\ GAA Rv) wer dr + ( DR (r) 2er dr]. (4) | 


0 | 


Ha rpannme cba3 (f = 79) 2KHAKOCTh M Nap HaXOLATCAH B PaBHOBeCHH, T. e.\) 
. Samensa N un ux 3HayeHuaMu u3 (a) uM (6), NOyYHM [JIAie 


Va WW 7 
miO60ro 3HaAYeHHA Z 


Ree aR (ro) 
NTR (ro) Z (2) (4 = 1)’ | 
1 — R (rq) Z (2) 
R (Fo) Rv = R (ro) 9) [aa a |- (4a) > 
Bgpegzem o603HayeHHe 
K= (a — 1) R (r9) Q (ro) ; (46) 


r lo 


(\ “Dr | R(r)w,rdr * DR (r) 2nr dr 


Forjja nowyuuM 

AGAR ne) Baz 
TR) oer ears (45) 9 

Tak Kak K He 3aBucuT oT 2 (%= const), To, wHTerpupya (4B) or 0 qo 25 

uw oT Zy no Z, NowyYMM 


Z eel = eK = (jam) = —KL 
lt Reaz ASV m \l—n, ee G 


—Kdz= 


LAC L — j\MHa KOJIOHHET; No, My — KOHUCHTpallHn THA KeJIOJIETYYerO KOMIIOHEHTa . 


B ToOUKaxX z=Ounz=L. Yuntpipas, utro h = (rae ¥. T. T.— 4NCIO TeO- 


W. 7. TF. 
1—n 
peTHuecKHX TapeOK) HM 4. T.T.= In KE i) : Ina, MOXHO mouyuHTb 
jb oe a) 
o6ulyio dbopmyyly AIA pacueta A: 
Ina 
A= ——____—_____ . (6) 
pa sa 
= Mi oe 
S it i ie 


J\uta ompeneneHuaA BemmunHbt K HeoOxoZMMO HaliTH peluteHHe ypaBHeHnit (1) | 

M (2), Ha OCHOBaHMM KOTOpbIX ONpexesmTca 3HayeHHe R(r). SHauenne byHKIWHH 
Wz(r) WaeTCH ypaBHeHHAMH THApOAMHAaMUKH. 
idee dn) yp 

IIpeneOperaa BesmuHHol L bo area , 4UTO ClipaBeqJIMBO AA JOCTATOUHO 
mies 


JWJIMHHbIX KOJIOHH HW He OYeHb OOJIbUIMX BeJIMUHH &, MOJTW4AM 


ae Ina ° Qirvde 
b= > GSR ITO nr \R () wr dr + \ DR(P)2ar ar]. (2 


0 
B mpefene npo «—>1, R(r)/R (ro) 1 wu Ina—>(«—1) | 


r Te 


To 


Hees awl) ga ( D2Qnr dr, (8) 


0 0 


T. €. ypaBHeHMe (7) mpeBpatiaetca B ypaBHeHve Becrxarepa. 
IIpH JaMMHapHOM NOTOKe MapoB B KOJIOHHe 


W, =m (1-5), (9) 


r9 


re Wm = 2w; w — cpeqHaa cKopoctb; wrr? = Or Fale 
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Tlepenuuem ypaBHenve (1) B Bye 


orn On _ x? + y?\ On 
D (5 + 5) = &m(1— r \>. (10) 
ovlaran 
on 
opal (11) 


ye © — yroul B WHMHApHyecKHX KOOpsAMHaTaXx. 
Ypapuenve (10) MoxKHO pellaTb MeTOJOM pa3syesleHuA MepeMeHHEIX: 


n= X (x) Y (y)Z (2); 


02x Wn [1 Lia O2Y Om fi y? \ 
me tele a) X= 0 Gr tep(s—S)v=0 (12) 
¥ - 3 0 ; 
Ze 
(iam ee 


Pemenua ypaBHenult (12) Ham usBectupr (5): 
— xr? Pe fee re 
ne (2k--1) "OA (V2 Qk + =), 
0 


ior 2) 72 ——————— 2 
Netoct e (2k-+1) y*| oH, (V2 (2k + 1) 2), Zr = OMe) Dzlemro, (13) 
0 


P ned” 
rhe Ha (2) = (— 1)"e ee 
_ Tlytem mogeranosku (13) B ypaBHenne (2) MoxKHO onpeyxemuTs KoacbbulMeH- 
bl Ap, OHAKO 3TO JOBOJIbHO CJIOXKHO. 

Paccmotpeuve (12) u (13) noKa3pIBaeT, TO, NO-BHAHMOMy, (PyHKuHIO R (r) 
MOXKHO MIpeACTaBUTb CJIeyIOlWLWM O6pa3oM: 


—ert}r2 
Rinse, (14) 
re BeMUMHa ¢ MOXeT ObITh oONpemeeHa mp nogcTraHoBKe (14) B (2). 
TIpene6peran B ypaBHeHun (2) BecbMa MaJioli BenmunHo D dn /dz, nomyuuM: 
a) 
| (a—N)w,2ar dr = 0. (2a) 
0 
Togctrapaaa (14) B (2a) uw yuuTbIBad, YTO Ip r=, 
OZe ie 
1 + (a a 1) Liem 


j= 


B pe3yJIbTaTe HHTerpHpoBaHua (2a) HaxOJHM 


2 “! 1» Gems 
=[(1- =)+ He] = (14a) 
€ € E Pay 
re n—cpeqHAA KCHUeHTpauuA m0 2 (n = Ze-*), Tak Kak BemMuMHa % OOBIUHO 
W3BeCTHA H BeJIMYHHA M MOKeT ObITb MpHOJM2KeHHO ONpefesieHa, TO, pela 


ypaBHeHne (14a), MOXKHO BbIYHCJIMTb &. 
Togctapaaa (9) u (14) B (40), OKOHYaTeIbHO HaxXOJMM: 


Si) ese 
Vee 2 ae (15) 
es =e (1 —0,236¢ + 0,0455 2) 
[[pu unterpupopannu ypaBHeHns (46) MbI mpeHeOpersiv WJIeHOM \ DR (r) 2nr dr. 
0 
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Tipupoqum pacueT BeJIMUMHbI A [IA HEKOTOPbIX CJIydaeB. 
1. Jaa cmeceli, y KOTOpHIX « MexKUT B Mpeyetax 1,0—1,2, cneqyeT npufi 
MCHATh ypaBHenus (7), (15) u (14a). 


Ta6auna 1 Tlogcranopka (15) B (7) qaeT 


A / - D ==S a — 16 j 

W,cM|ceK € K emia (8). ae h In |K ( 

cM 0 Faye 
Ina-e® 11 @To ‘ 3 
a ey (1—0,236 ¢+0,0455 ¢?) 
20 0,3 |0,205 Doz Geils 

40 0,35 |0,0975| 16,5 12,90 Pasnmaraa e* B pA u MpeHeOperasli 
60 0,05 |0,0556) 26,6 20,8 eae 
30 0:7 |o’o369! 3674 984 yIeHOoM («# —1)n uM 4IeHaMu, comep2Ka | 
100 0,9 0,0252| 49,0 38 ,2 IWMMH € B CTeNMeHH BbIMe BTOPOH, WK 


(14a) MoxHO novIyYHTb 


ag at a7) 


Vicnomp3sopanne (16) wu (17) Maer Bo3MO%KHOCTb BBIMHCIATD BemMunHy Aly 
Hanpumep, aa cmech CCl, — C,H B mpegenax KonleHTpauui 25—35% CCl,p 
KOTOpbIe ObIJIH HCMOJIb3OBaHbI B onbitax B. A. Mastocopa, H. H. Ymuauk We 
H. M. )Kapopoukopa, « = |1,203— 
—0,002 - 30 = 1,14 (’). MogcranosKa 
3HayeHHH a« u ¢ B (16) jaeT 
44 wr 
h — 1,06. 48 Tb . 
14 wre 
48 DP ? 
yaem ypaBHeHve Bectxapepa. 

2. Jina cmeceH, y KOTOpPBIX « 
3HaYHTeJIbHO Gombe | ,2, HEOOXORHMO 
HCNOb30BaTb (popmyvibr (6), (15) u 
(14a). Hanpumep, ayia pa3yenenna 
enech © ¢=— 2.6 npu 2, = 0b, 
= 0,195 cm*/cex, B TpyOKe qmMHOH op, 4 7 _p~= Ina 


Tpna—+>l,h= T. €. MOy- 


LE =100 cm uw fry =0,5 cM pe3yub- qa SiS (7 
TaTbl pelleHuA mpHBezenbl B Tabu. | Kare valiguaies 
JIA PasMUHBIX CKOpOcTelt Mapos. 41 wr? 

Ha puc. 1 npeqcrapsenni pesyib- = 2,9); 2—A=1,05-73 4) (a=1,24); 3— 
TaTbl pacueTOB H OMbITHbIe JaHHble 
B. A. Masocopa, H. H. Ymunk u 44 wr 
H. M. )Kapoponkopa mo pextuduka- @=7Zgp («> 1); a—C,Hs0H — HO; 
uuu cmeceh C_H,OH — H2O (zB npe- 6 — CsHg — CCla; @ — CsHg — CH, Cl 


Welax UCCIeOBaHHbIX KOHUeHTpaln, 
a==2,0),C,H, —CCla(« = 1,14) un CoH, — CalaCla (x = 110) 8 komennec eee 
Metpom 10 mM AumHon 100 cm. PaccmotTpenue JaHHbix, NpeAcTaBvieHHbIx Ha pue. 1.Ip 
NOSBOJIAeT CleaTb 3aKJUOYCHHE, YTO BEIHYHHA & OKA3bIBAeT CYLLECTBEHHOE BJIH-|h 
anue Ha A. Jloctatouno 61u3ko0e COBNAaeHHe ONbITHBIX H PaCUeTHBIX AAHHbIX DVIS 
cucTempl C2zHsOH — HeO nospouaeT peKOMeCHLOBaTb NpeMWIOKEHHbIM METOR AIA 
onpefemeHua BeuunHbI 2 (ypaBHenna (6), (14a) wu (15)) aa cucrempl c 60m! 
WOH BeJIMUMHOH & NpH JJaMMHAPHOM pexkuMe Mpoliecca. 7 


Hayyno-neceqOBaTeECKHH (PH3HKO-XHMHYeCKHH HHCTHTYT Toctynuno 
um. JI]. A. Kapnosa 16 XIV 1957 


UWUMTMPOBAHHAH JIMNTEPATYPA }} 
1J. Westhaver, Ind. and Eng. Chem., 1, 126 (1942). 2 J. W. Westhaver, 


Res. Nat. Bur. Stand., 38, 169 (1947): * ChB. Willingham, V. A> Sedlak a Dil 
Rossini, J. W. Westhaver, Ind. and. Eng. Chem., 39, 706 (1947). 4B. A. Maan} 
cosB,H.H. Ymuuxk,H.M. )Kaspopou kos, JAH, 105, 779(1955). 5 B. MU. Cm up-} 
HO B, Kype Bbicuieit Matematuku, 8, 1939. ® MW. H. Bymmaxkuunu,E. 0. Boe xosa,s 
)KOX, 19, B. 9, 1615 (1949). 
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Jloxnxagn Akagemun nayr CCCP 
1958. Tom 120, Ne 4 


XHMHUIECKAA TEXHOJIOTHA 


Yuex-Koppecnon ent AH CCCP WH. H. MJIAKCHH u B. H. TIOPHHKOBA 


O HEPABHOMEPHOCTH PACIIPEAEJIEHHA PEATEHTA MPH 
®JOTAUHKH CYJIb®uOB 


Hisyyenve BIMAHHMA CTeneHH HepaBHOMepHOCTH pacmpeyemenua pearenta, 

AcOpOupoBaHHOrO Ha NOBePXHOCTH BeCbMa MEJIKHX YacTHL — pa3smepom 44— 
4, Ha pe3yJIbTaTbl (uoTalMuH MoTpeOoBalo paspaboTKH CnelMasIbHOro MeTona 
‘KOJIMYCCTBEHHOH pafuorpadun. 
_ PaspaOoTaHHbI HaMH MeTO, KOJIMYeCTBEHHOM OLeCHKH pe3ybTAaTOB, Mosy- 
YaeMbIX MyTeM MOKpOH MukKpopaduorpadhun ('), OcHOBaH Ha MoscueTe 3epeH 
MIpOABJICHHOTO CcepeOpa Ha OOpasitax H 9TamOHax. HeoOxo_umpli WIA KouIMUe- 
CTBCHHOHM OWeCHKH STaJIOH MpHroOTaBJIMBaeTCA HaHeCeHHeM Ha IIpesMeTHOEe CcTe- 
KIO KallJId BOJHOrO pacTBOpa KCaHTOreHaTa. KomuuecTBo pasuoaKTHBHOrO 
‘KCaHTOreHaTa, HaXO/AMLerocaA B Kalle, H3MepeHO 3apaHee; MOCTOAHCTBO OOb- 
eMa KalluIM OOyCJIOBIMBaeT ee pacTeKaHHe MO ONpekeeHHOH, MpeqBapHTebHO 
M3MepeHHOH momayu. Ilocme ucnapeHuA BOAbI IPH TemMepaType, He BbISbIBAalO- 
me yIeTyYHBaHHA palMoakTHBHOHM Cepbl 3 MOJIeK YJIbI KCAHTOFeHaTA, MIOWab, 
paHee 3aHHMaeMaA Kalle, MOKPbIBaeTCA 3all[HTHbIM CJIOeM, MpeOXpaHAIOULHM 
B JasIbHeHWieM KCaHTOreHaT OT XHMHYCCKOFO B3aMMOJeuCTBHA C PoTorpaduye- 
CKHMM pacTBopaMH. IloBepxX 3alllHTHOTO CJIOA HAHOCHTCA 9MYJIbCHOHHBIM c0H, 
colepkaulu“l OpomucTble KaqMUM HM aMMOHHH. Bea OOpadoTKa 9TaOHa U OOpa3- 
la MIpOBOAHTCA B OXHHAKOBbIX YCJIOBHAX H OJHOBPeMeHHO. 

TloycueToM MO MUKPOCKOMOM MIpOABJICHHbIX 3epeH CepeOpa onpesemnetca 
KOJIM4eCTBO peareHTa, HeEOOXOMHMOe JIA BOCCTAHOBJICHHA OAHOTO 3epHa cepe- 
Opa Ha 2TaIOHe. DTAaMOHbI MPHrOTaBJIMBAaIOTCA C yYeTOM YAeIbHOH HM XHMHUE- 
CKOH aKTHBHOCTH KCaHTOreHaTa, MepHoya Nowypacnasa u KospPpuuHeHTa o6- 
paTHoro pacceAHHaA. 

Bu THOMYHbIX 2TAIOHAa HM UaCTHUbI XaJIbKOMMpHTa MeHHOrO MpoAyKTa sio- 
TalluM MpeyctaBieH ua puc. |. (cm. BK. K cTp. 101). 

KoummuecTBeHHad OWeHKa 3aKPeMIeHHA HM pacnpeleieHHA peareHTa Ha MH- 
HepabHOM MOBePXHOCTH MpOH3BOAHTCA NO ABYM MoKasaTeIAM: NO pacuery kO- 
JIMUECTBA peareHTa, aCOpOHpoBaHHOrO HalpaHW 3epHa MMHEepasia H NO BapHa- 
WHOHHOMY KoOSPPuLMeHTy, OMpeyemeHHOMy MeTOJOM MaTeMaTHYeCKOH CcTaTH- 
cTHKH (?). : 

C MpvMeHeHveM 9STOM MeTOJMKH HCCeAOBaHO B3aNMOJeHCTBHe KCaHTOreHa- 
TOB pa3JIMYHbIX CIMPTOB C XaJIbKOMNMpHTOM, raseHHToM u cialeputom. IIpu- 
BeJleM XapaKTePHble Pe3yJbTATbI, MOJIYYeHHbIe Mp OTAaWMH STHJIOBbIM KCaH- 
TOreHaTOM XaJIbKoMMputa. HepaBHoMepHOCcTb pacipeyeseHHA KCaHTOTeHaTa Ha 
MOBEPXHOCTH 3epeH XaJIbKOMMPHTa ONpeLeMAMaCh NPM Pa3/IHYHbIX KOHICHTpa- 
Wuax uspectu. PaguorpaduyeckomMy UcCCJeqOBaHMl0 NOABepra/IMCb 3epHa, Me- 
pewequime B MeHy mpu doraiuu (meHHbIM MpofyKT) uM HecpMOTHPOBaHHEIe 
(HeneHHbIi mpoxyKt). PesybTaTH OMbITOR npuBeyenbr B Tab. |. 

IIpu JocraTouHoM KosMueCTBe KCaHTOTeHaTa, 3aKPelMBIerocA Ha MOBepXx- 
HOCTH (B JaHHBIX onpitax 4,9—8,6-10°% mr/y*), mepexo YaCTHIbl B NeHHbIL 
MpOyKT 3aBHCHT, TlaBHbIM OOpasoM, OT CTeNeHH PaBHOMEPHOCTH MOKPbITHA 
peareHTom. 
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B clyyae MaJIOoro NOPIOWeHHA peareHTa, 4TO, HanmpHMep, MPOHCXOAHT Hip. 
BbICOKOM 3HayeHHu PH, BepOATHOCTh NONaaHHA 3ePeH B NeHHBIH MpORyKT Pa 
TaWHu ONpewesAeTCHA NpeHMyLllecTBeHHO He XapakTepOM pacnpekereHn aA peat 
TeHTa Ha NOBePXHOCTH, a KOJIMYeECTBOM 3aKpeNHBlerocaA Ha HeH peareHTay 
3to celyer OObACHHTb TeM, YTO NO OMNpPefeIeCHHOM CTeNeHM SalOJIHeHUA TC 
BePXHOCTH 3aKPeJICHHE TIpOWCXOAHT Npe€HMYLeCTBeEHHO Ha HOBbIX yuacTKa xia 
a pu OOJIbIIOM KOJIHMYeCTBE peareHTa Ha 9THX WeHTpax BO3HHKAaIOT MOJIMCJIOBY 

Hble O6pasoBaHuA. CyeyqcTBHeM IG 

Taourmivay 4 CJICIHErO ABJIACTCAH HE TOJIBKO 601 

Ancop6uua KcaHToreHata H CTemMeHb HepaBHo- Iuee pacipocTpaHeHvHe pearenTa Tye 

MepHocTH ero pacnpeyetenua Ha yactuuax MOBEPXHOCTH, HO HM oOpasoBaHHe CED 

MeHHOFO H HeMeHHOrO MpOAyKToB Np diorauwu YIOWHX CJIOeEB Ha PaHee MOKPBITHL 

B H3BECTKOBOM cpeje peareHtom yuyactTKax. BTopHuHBl 

CJIOH KCAHTOreHaTa He cnoco6cTBy!o 

Koshpnuvent He- = IOBBIIUCHHIO (PIOTHpyeMocTH. OTHITE 
paBHOMepHOocTH, % 

OObACHHeETCA HW TO, YTO MPH OOVIbIUOIE 


Cpean. konu4. aycoro. 
Ha NOBePXHOCTH Yac- 
THUbI K-Ta 107}? mr/p? 


pH - ~¥ 
neHHbIli HeMcHHbI | NMeHHbI | HeMmeHHbIli H€paBHOMECPHOCTH NOKPbITHA coon ( 
npofykt | mpogykt |npogyKt| mpozykT = paTeyIeM, IIpM KOS@MHIMeHTe HepaBe 
HOMepHocTH 166%, Ana cbioTalMule 

7,0 8.6 1,7 442 248 TpeOyetca 3akpenieHve Ha uacTHD 
8,0 4,9 rae 133 237 WaX  3HAYHTeIbHOTO KOJIHUECTBiID 
9,5 3,9 3,4 164 281 KCaHTOreHatTa, COCTaBJIAIOWLErds 
oe a fe ve ae 3,4-10°7% mr/u®. Uactuupr c 6omele 
, : PpaBHOMepHBIM pacnpeqeeHnem 


pee: 0 
IIpumeuanna. 1. Kaxmoe 3nayenve B kcantorenata, mpd Ky = 139 70, Hi 


ra6nmue spiaetca cpennum waa 10 9Kcnepamen- JIOTHPYIOT TOJbKO JIHIUb Mp 
Tos. 2. Iloxppirue oTHeceHO K MJOUlaqH ro- 3aKPeNJICHHH KCaHTOTeHaTa B KOJIH 
PHSOHTAIbHOH MpOeKUMM YaCTHUbI, MpHHuMas  yectTge 1,0-10°!2 Mr/u?. 


eet 4 
xan, ncen, coyanes suave goutmuumerss Tipu osvoM Tow 2ke Kosmmec 
3akpenuBluleroca Ha MHHepase pea 

reuTa ero @vloTauuA 3aBHCHT OT He 

PaBHOMePHOCTH paclpeweeHHA peareHTa, 4YTO MOXHO BHeTb B Tabu. 1 Dash 
enyuaa pH 9,5. 
OrmeyeHHoe BJIMAHHe HepaBHOMepHOCTH pacmpeserenua cbOTaMOHHBIXIE 
coOupaTesieh Ha MMHepasaxX MpH JocTaTOUHO BbICOKHX KOHICHTpalluAx peal 
TeHTOB MOXKET ObITb TaKKE MPHYHHOM OTCYTCTBHA OMHO3HAUHOM CBASH MEXKT\F 
acopOuneH peareHTa Mu GvIOTHpyeMOCTbIO MHHEepasa, YTO EbINO yCTAaHORVIeHC 
paquometpuuecku (*). C yBeH¥eHHeM KOHUeHTpallHH KCaHTOTeHaTa B pacTBO: 
pe KOuIMYeCTBO acopOMpoBaHHoro coCupatewiA EOSpacTaeT, HO OMHOBPEMeHHC 
NMOBbIWAaeTCH H H€PpaBHOMEPHOCTh eFO 3akpelJIeHHA C OOpaso0BRaHHeM NoMHCcION: 
HbIX CKOMIeHHH pearenta. IlostTomy NoOEBIWeHHe KOHUCHTPalluW KCaHTOTeHaTe 
CEbIWe OMpeeeHHOTO 3HAYCHHA, XOTA H BbI3bIBAeCT YECIMYCHHE KOJIHYUECTBEl 
3aKpeNMBIerocA COONpaTevI#, HO He ysyuWaeT cbioTHpyemocTH. 
OTmeueHHoe BJIMAHHE HePaBHOMEPHOCTH 3aKPelJIeHHA CyIb*ruAPHJbHBIA} 
peareHTOB Ha pe3YyJIbTaTbI GvioTallHH CyJIbuAHBIX MHHepaOB HaGvlOLaeTca 
Take IIpH pa3sIM4YHOH KOHUeHTpallMH KaK peareHTa-coOupateia, Tak HW KUCJO- 
pofa B XHAKOH daze mysbne (Tab. 2). 
Ta6muna 27 

Agcop6una KcanToreHala H CTeMeHb HepaBHOMepHOcTH ero pacnpeqeeHna pu pasanunoif 
KOHUCHTpauHH KuCJOpoOja B KHAKOW case Ny JIBMbI 


OTHOEDIN KCaHTOoreHaT ByTHJOBbIN KCaHTOrCHaT M30aMuHOEbI KcaHTOreHaT) 


Konuex Tpawua 


pair Aca KONHY. acop6.| Koad. HepaB-| KONHY. alcop6.| Kosh. HepaB-| KOnuy, agcor6.| KOIPM. He- 
| K-Ta, Mr|f |HOMepHOcTH, %| K-Ta, Mrir |HUMepHOcTH, %| K-Ta, Mrjr PpaEHOMEp- 
HocTH, % | 
0,16 0, 0040 100 0, 0080 420 0,0100 8&9 
10,00 0 ,0099 110 0,0160 141 0,0188 107 
36,00 0,0114 107 0,1004 270 0,1100 - 368: 
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KoumuecTBeHHoe H3y4eHHe HEOMMHAKOBOSO UM MOWIMCOMHOFO NOKPbITHA KCaH- 
TeHaTaMH TIOBEPXHOCTH CYyJIbMAOB NoKa3as0 3aBHMCHMOCTb cmelMdbHyHoro 
actipewesleHHA KCAaHTOFeHaTOB Pa3IMUHbIX CNMPTOB OT JIHHbI yrueBolopor- 
oro paduKkasa. 

Panuorpaduyeckui anaiu3 MpokykTow doTauuu cbmrooputa, MouyueHHBIX 
Ip PloTaluN B HeliTpaIbHOH Cpeye C MpHMeHeHHeM B KayecTBe COOupaTelaA — 
puewunata-C'* mpu pa3smMuHOl KOHIeHTpalluH KUCIOpofa B XKHIKOH case 
YIblbl TAKMe MOKA3aI, ITO UB YTOM CIyYae PH YCsIOBHH MaJIOrO 3aKpeneHHA 
eareHTa Mepexod WacTH POOpHTa B NeHHBIM MpOLYKT 3aBUCHT OT KOJIMUeCTBAa 
aKPelMBIuerocd Ha HUX peareHTa, B TO BPeMA KaK MPM OOJIbINIOM KOJIM4eCTBE 
oOupaTea Ha rpaHAX MMHepasia CyIIeECTBeHHYy!0 pOJb urpaeT paBHOMepHoe 
acipeweeHve ero MO NOBepXHOCTH. 


Tloctynuato 
: 24 XII 1957 


UMTUPOBAHHAA JIMTEPATYPA 


1H. H. Wlaaxecna, J. Il. Crapunk, B. H. To puuxkosa, Mss. AH CCCP, 
TH, Ne 3(1957). 2? K. Il. A koBp aes, Matematuyeckad O6paboTKa pesy.1bTATOB H3Mepe- 
qua, 19538. °W.H.MWaaxcuu,lT. H. Xaaxuucxkaa, JAH, 97, N 6 (1954). 


| 
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Jlornayn Akanemun Hayk CCCP 
1958. Tom 120, N 14 


FEOJIOTH A 
MW. Ji. POPWTEMH 


K HCTOPHH JOJIMHbI BEPXHErO JIHECTPA 
(ITpedcmaeaefto axademuxom H. II. Tepacumoeom 16 I 1958) 


3a MocueqHHe Podb PAXOM MpOeKTHEIX OpraHVvsalluli HaKOMJeHbI LaHHle O 
cocTaBe H MOIIHOCTH aJJIOBHA Oacceliva Bepxuero J[nectpa. Ananu3 9Tux 
MaTepHaJiOB, JONOJIHEHHBIH NOJeEBIMH HaOJIOJeHHAMH aBTOpa, NO3BONAeT JO- 
CTaTOYHO TOUHO (Ha OCHOBaHHM pa3spe30B MHOFOUNCJICHHBIX OYPOBbIX CKBa2KHH) 
oOpucoBaTb CTpoeHve NepBolt HaANOHMeHHOL Teppachl, a Tak2Ke NOMMbI UM pycua 
‘BepxHero TeyeHna J[HecTpa, 4TO 3HaYHTeMbHO pacluupseT mpescTarmeHUA oO 
MOP@OJIOTHH JOJIMHbI, CIOKUBWHECA y NpeXHUX UCCIeMOBaTeseH. DToH Ke Wes 


CLY2KUT COCTaBJICHHBIM MO KapTe macuiTa6a | : 50 000 npogonbHB npodusb 
momuub (puc. 1). 


890m 


a 
gonoman Mun 
sponeunull shih 


P. 
Ky, 
meangp JoNororo ngToka 


p. JoMHUUA 
Ye7eyKo 


ioe 


Puc. 1. IIpogompupii mpodpusb Bepxuero J[nectpa 


[lo umeroumumea Janupim, | HaynolimMeHHas Teppaca J[Hectpa BbICTynaer 
KaK AKKYMYJIATHBHaA Teppaca, CJIO%KeHHAaA aJJOBHeM B (allHsAXx pycaor oli 
MW noliMenHoH. Pa3pe3 aJJIOBHA B THMMYHOM CJlyyae JBYX- WJIM TpeXCJIOMHBIH: 
Ha KOPeHHOM JIOxKe JexKaT TaseuHHKH (c rpaBueM, NeCKOM H BaslyHaMu), a m10- 
KpbIBaeT HX TecoK, CyMecb HIM OypoBaTbIH CyrMMHOK, KOTOPHIM OTMYAeTCA OT 
JIECCOBUHBIX .CYPIMHKOB CTaplmwux Teppac. OOmasd MouHocTb amoBusa I Tep- 
pacbi pasna 9—10 M uM MawIO M3MeHAeTCH Ha MpOTAKeCHHM JOJMHBI; TOJIbKO 
B KapmaTcKoll ee uactu (ebile Craporo CamOopa) MOULHOCTh YMeHbIUaeTCA 
BBoe. Oco6o cielyeT paccMOTpeTbh OTPe38OK AOJMHBI B pakoue Bepxuequect: 
poBcKHx (Cam6opcKux) Sonor. Io coo6mennto I’. Tacceiipa (nut. mo [. II. Aa- 
cbepnepy (1)) snecb, B OTMMUME OT Apyrux MecT, aoBuH I Teppacbl NoAcTHarIOT 
He KOPeHHble MOPOI, a CVIOBHOTAUMAbHbIe OTOXKCHHA, MPHYEM HX MOILL- 
HOCTh mpeebuiaeT 30 M. O2HAKO CKBaxKHHbI, NpOOypeHHbIe Ha STOM Teppace 
og Cam6opom u BOmu3H ycTbes Crppsxxa, Bepemuupt 1 TucmMeHulbl, 9Toro 
He MOJTBepKMawT: KOPeHHbIe TOPTOHCKHE TVIWHBI AOCTHTHYTbI Ha TiyOuHax 
ropa3q0 Menpmux (10—18 m). Paspes aoBHuaA HauMHaeTCA C Mecka, COlep2Ka- 
mero rpaBHli UH pacceAHHY!0 FaIbKy, a BbIIe COCTOHT M3 YepeAyIOULAXCA CiIOeB 
mecka, cynecu, cyrumHKa u Topda. Y ycrba CrpBaxKa, re OTMeyeHa MaKCH- 
| MavIbHast MOULHOCTb aJWIOBHA, Mpocsou Topda B 20—40 cm BeTpeuatoTca Jo ray- 
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Ounpt 12 m. Her nuKkaKHX JOKa3aTeJIbCTB, YTO «PIIOBHOPIAUMAJIbHbIcC HaHOC }f 
OKa3asIMcb NorpeOeHHBIMH MOA aJWJIIOBHeM KapMaTCKHX peK BCJeACTBHe ON}). 
CKaHMA paiiona B MociepuccKoe Bpema» (°). B To xe BpeMA ACHO, YTO HAaOAK{H 
jlaeMad HbIHe 3a0OJIOUCHHOCTb UMeeT PuIyOOKHe KOPHH B MpOLWJIOM H CYyLWleCTBYEA 
C Havana HakoneHua asmosun I Teppacbt. oOaBum, uTO No MaTepnaviam Oy) 
peHHaA Ha KoHyce BbIHOca Crpbld — KpynHehwero 43 ropHbIX mpuToKoB J[Hec 
pa — aJlJOBHaIbHbIe HakOMeHHA NocTuraioT 30 M, NpHyem TaBHyto pout] 
3leCcb UrpaioT rameunHkKuH. Bce 3To mMogxTBep2kaeT MHeHHe A. 2’AOaHkyp (= 
nomaraBlulel, UTO aJIJIFOBHU, BLIHOCHMbIM KapMaTCKHMH MpHTOKaMH, MOBbIMAaell 
pyco J[nectpa MW MpenatcTByeT APpeHHpOBaHUIO CO3aBIUMXCA TAKUM OOpa30o/s 
OouloT AHecTpoBckolt JomuMHOK. MecTHoe MmoBbilueHHe pycila, O KOTOpOM He 
peub, Hallo OTpaxKeHve Ha MpOMOJIbHOM Mpoduuie AOJIMHbI. | 
I Haqnolimenuaad Teppaca OOpbIBaeTCA YCTYNOM, BbICOTa KOTOPOTO Hay, Ypor| 
HEM PeKH OObIKHOBeHHO paBHa 4 M. Boctounee yctba Sonoton JIumpi ycryip 
Bo3pacTaeT MOcTenmeHHO BHH3 No TeyeHHIo Jo 6—7 m. Vntepecuo, 4TO BbICOTp 
3TOH Teppacbl He YMeHbiWaeTCA B TOPHOM YacTH AHeECTPOBCKOH JOJIMHbI, PD 
YeTbIPEXMETPOBbIM ycTyM HaGoLaeTCA B pAe MYHKTOB B Mmpesemax CKoOJIeBCKO} 
TeKTOHHYeCKOH YeLyH HM YeyH SememaAHKH. I Teppaca c 6o/IbIUMM CCHOBaHHe|h 
MOXKeT ObITb Ha3BaHa BbICOKOH NMOMMOHM, TaK KaK TOJIbKO B peAKUX CJyYaAX OH)” 
He MOKpbIBaeTCA BBICOKHMH MaBodKamMu (Jo 6 Mu Oowee), OObIuHbIMH Ha JHE) 
cTpe. ; 
Co6cTBeHHO NoliMa BOSBbIIWaeTcaA Ha 0,O—2 M Hall pekol. Ona c0%KeHa TaJlEp 
KOH, Me€CKOM HM BaJlyHaMH, MeCTaMH ObIBaeT NOKPbiTa MecuaHOH WJIN CYIMHHCTO) 
nouson. Iloima pa3BuTa B Bue Mpepbl3HcToH y3koH seHTbI (B ropax H Ha Tlof 
omHu) wH60 B BUAe MOOCb! WIMPHHOH WO HeECKOJIbKHX KHJIOMETPOB. L 
Pycnopol ammoBuh Bepxuero JiHecTpa mpescTaBaeH YrlaBHbIM OOpa3oneE 
rasibKol Hw meckoM. MoulHocTb pycJIOBoro aJJIIOBHA BeCbMa H3MeHUMBa. B npell 
jlesiaxX OMHOFO H TOTO 2Ke NoNepeyHoro CeyeHHA HHOrAa NOX KPyTbIM Geperom Haj) 
OloNaeTCA OOHAXCHHOE KOPeHHOe AHO, a PAOM JOHHbIM CON PasibKH JOCTHD) 
raeT 2 m. Ilostomy TpyHO rOBOpHTb O CpeAHeM 3HAYCHHH MOMIHOCTH PpYyCJOBOTUE 
aJIJILOBHA, HO HECOMHEHHO, YTO BCIOAY OHA BABOE HIM BTPOe MEHbILe HOPMAJIbHOI! 
(*). Wmetorca ocHOBaHHA TOBOPHTb O NpeoblalaHHu 9po3Hu Hal, aKKYMYJAUHels 
B COBpeMeHHOM TlepHode. ) 
OtTcyTcTBHe CaMOCTOATEIbHEIX epopMayuh ypoBusa | Teppacbr no3sBomAe 
CUHTATb NPOAOJIbHbIM MpOPHIb NOJIMHbI XapakTePHbIM HU WIA STON Teppacwi (no}) 
CTeMe€HHOe HEOOJIbUUOe MOBbILUeHHe TeppaCcbl BHH3 MO TEYeHH!IO MOXKHO He IPpHHH 
MaTb B pacuer). Tp MecTa, re HapylleHa M1aBHOCTb KPHBOH MpolombHord 
mpopusA, OOpaujaioT Ha ceOa BHuMaHHe. IIporuO KpHBol oTMevaeTCA Nepe)ll 
MOBOpoTom y c. JlomHa, re peKa MCHAeT HalpaBleHve TeyeHUA C CeBepo-3a} 
MaHOro Ha CeBepo-BocTOUHOe. COOTBETCTBEHHO H3MCHHJIOCb OTHOMeHHe TEYeHHS 
K TFOCNOACTBYIOWeMy MpocTHpaHHto CuloeB: BHWe JIOMHbI TeYeHHe HZeT BAOWMIP 
MpocTupaHusa, HH>Ke — BKpecT NpocTupanusa. BeseycTBue 3TOTO pesKO BO3spale 
CTaeT COMPOTHBJICHHe Pa3MbIBY Pa3BHTbIX B3JeCb MeCYaHHKOB KPOCHEHCKOIH 
CBUTHI OIMrowena. J[Be Apyrue cra6ble AesbopMallun NpodusA copnaaiwrT c HUKE 
HHM KOJICHOM KPYMHeHIUHX Ha JaHHOM OTpeske JOJIMHbI MeaHApos — Koponell 
Koro M MeaHApa Sonotoro Tlotoka. Ito copnayeune He cslyyalino, ero crenye} 
pacCMaTpHBaTb Ha (OH HMEIONLMXCA WaHHbIX O CBA3H STHX Me@aHAPOB C TeKTO | 
HMYeCKHMH HapylweHuamu. Oco6eHHO MoKa3aTeeH B STOM OTHOIUeCHHH OnHCaHY 
Hpi C. Tlapnopckum (°) yuacToK MepTBOrOo pycja, pacnovloxKeHHbIit BHYTDpIll 
Koponenkoli neta Ha BpIcoTe (Mo HOBOMy pacuery) 35 M Haj COBpeMeHHBIM ypoB } 
Hem JlHecTpa. ; 
CylelaeM HeKOTOpEIe BEIBOIbI. To o6cToaTeibcTBO, 4TO AomMHa Bepxuercy 
/[HecTpa NpOXOJUT NO YeTLIPEM Pe3KO Pa3rPAaHHYeCHHBIM TeEKTOHHYeCKHM 30HAaM 
(aHTHKIMHabHaa CkuOoBad 30na Kapnat, BHYTPpeHHAA MW BHELWHAA 30HBI IIpen: 
KapnaTckoro KpaeBoro Mporn6a, Nepuepuyeckaa uacTb PyccKkolt matThopMpl) fi 
10-BAJMMOMY, He OTpasHJIOCb Ha Mpolecce HakoneHusa aoBua I Teppacsi ¥I 
Ha (POpMupoBaHHH ycTyta sTOH Teppacw. B 5TH ABa cueLyioulue Apyr 3a Apy-| 
roM TepHofa rosioweHa B ouHMHe Bepxuero J[HecTpa He Ono uudpepentupowan} 
160 


BIX JBHXKeHHH, KOTOPbI€ YCTaHOBJICHbI JIA Govlee PaHHHX MOMECHTOB ee HCTOPHH. 
Ji COBPeMeHHOFO TlepHoa XapakTepHo yCHJIeHHe 3po3HOHHOHU JeATeIIbHOCTH 
eCKH MW HaMeuvaeTCAH TeHJCHIUHA K oomemy NOAHATHIO MeCTHOCTH. He3saBucumo 
IT 3TOTO IIpOHCxXO]AT HOBeHIIMe JIOKaJIbHBIE ABW2KCHUA pasHou HalipaB- 
CHHOCTH. 


VuctuTyT reomoruu MouesHbIX HCKOMaeMEIX Ilocrynu1o 
Axajemuu nayk YCCP 3 V 1957 


UHMTHPOBAHHAA JIMTEPATYPA 


‘YT. Tl. Anghepopbes, Tp. Jlenuurp. reorp. o6m., reo. cep., 1,87 (1948). 2 TT. H. 
bic b, Teorp. c6opu. JIFY, 375 (1956). *A.d@’Abancourt, Prace geogr., 9, 3 (1927). 
E. B. Wlanuep, Tp.Teoa. uct. AH CCCP, 135, reon. cep. (Ne 55) (1951). °° S. Pa» 
lowski, Kosmos, 38 (1913). ; 
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Jlorxagn Anagemunu nayr CCCP 
1958. Tom 120, Ne 4 
B. B. 3AYEP u B. A. 3YBAKOB 


MAJIAHOJIOTHYUECKOE OBOCHOBAHHE PACUJIEHH A YETBEPTHY- L 
HbIX OTJIOQKEHHH OCHHOBCKOFO PAMOHA JIOJIMHbI p. EHHCEH 8 


(Tpedcmaeaeno axademuxom B. H. Cyxauecoim 14 X 1957) 


Yuactox Jlosmuubl p. Enuceli mexy OcuHoBcKHM NoporoM uM Cc. CyMapoKOB 
(OcuHoBcKuli palioH) ABuIAeTCA ONOPHBIM palioHoM pu paspadoTKe cTpaTurpa 
(bu YeTBepTHUHBIX OTMOx*KeHHH TIpuenucelicxoh CuOupu. CxkBaxkuHbl u OOHale 
XKCHHA BCKPbIBAIOT 3eCb NorpeOeHHy!0 JOMHY C OTMETKOM THHIIa B25 M HYDKH 
YpOBHA MOps, BbINOTHeHHYyIO 150-merpoBoH TOJIMeH O3ePHBIX, O3€PHO-aJJIOM 
BHA@JIbHBIX HM JI@MHHKOBbIX OOpa30BaHHli *. ) 

TopH30HT MOpeHbl MaKCHMaJIbHOFO OJIeMeHeEHHA pa3fesAeT O3ePHO-aJJIOM 
BHaJIbHY10 TOJILY Ha Be CBUTbI: HH2KHIOIO — CBUTY «CH3bIX CYIIMHKOB» MW Bep Xie 
HIOIO — CaHuyroBcKyio. B sty O8epHO-aJJIIOBHaJIbHYy!0 TOJIMY BpesaHa COBp 
MeHHad JOuMHa p. Enuceli c ueTHIPbMA HafMoiiMeHHbIMH Teppacamu (7){, 


HOM TommH. Bcero OblIo MpocMoTpeHo okosIo 500 o6pa3ios. EB 

Han6oee MOJHBIMM OKa3aJIMCb CHOPOBO-IIbIIEICBbIe KOMIJICKChI H3 O3ep/e 
HBIX OTOMKeHHH. AUIOBHaIbHbIe OTJO2%KeCHUA, KAK MpaBusO, Coepxau orpali 
HHYeCHHbIA CMOPOBO-MbIIbyeBOH KoMMIeKc. IloSTOMy HH2KHEYeETBEPTHUHbIe OT] 
JIOKEHHA, CON, HeEMOCpeACTBEHHO MOACTHMAaIOWIWe MOPeHY MAaKCHMaJIbHOTO Oue’ 
JICHeEHUA, WH OCaNKN, CJlaralollwe TpH HWKHHe HaNOMMeHHbIe Teppachl, Ht, 
MOJYYHIH MOCTaTOUHOU MaMHOJIOrMYeCKOH XapaKkTepHCTHKH. q 

JIA MCTOMKOBAHYA MaJIMHOJIOrHYeCKUX CNeKTPOB OBIIM HCIOJb30BaHEI pe} 
3YJIbTaTbI HCCIELOBAaHUA MOBEPXHOCTHBIX IpoO NOYB HM aJJIOBHA NOUMbI, OTpayr 
*Kalollue COBPCMCHHY!IO PaCTHTeJIbHOCTh paliona. IlomyueHHble CNeKTPbI OKa3ais 
JIMCb THIIMYHO JIECHBIMH, C Ipeo6laqaHvem MpWIbIbI Pinus sibirica (Rupr.) Mayris. 

JloueqHHKOBbIe OTIO*KeHHA OcHHOBCKOrO paHoHa, WpeCTaBJIeHHbIe Mecuade 
HO-TaJieuHbIMH OTJIOKCHHAMH, COJepXKaT JIMWIb CMMHHUHIC MBWIbIEBLIE 3epHill 
TCMHOXBOHHBIX MOPOR, CNOpbl NanOpoOTHHKOB HW MXOB. Hu3bl CBUTBI «CH3BIMe: 
CYIJIMHKOB» MeCTaMH HMeIOT MOPeHONOMOOHBIM XapakTep MW COep2xkaT JMUIKS 
equHuHyio MbIbuy Betula sp. TocaeqHee OGCTOATEIbCTBO TOSBOACT OTHOCHTHE 


HM3bI CBHTbI «CH3bIX CYIIMHKOB» KO BPeMeHH ApeBHeEro OeqeHeHHA (Q)). 

BepXHAd YaCTb CBHTHI «CH3bIX CYIVIMHKOB» JOCTaTOUHO MOJIHO OXapakTepusolw 
BaHa NaJIMHOJIOTHYeCKHMA JaHHbIMH. B CNOpOBO-NbIVIbIeBLIX CHeKTpax mpuil 
CYTCTBYIOT BC€ KOMIOHECHTHI: MblIbIla APeBeCHLIX NOPO, TpaBAHMCTHIX pacTe% 
HUM, CHOPbl WaNOpOTHUKOOOpasHbIX MH MXOB. Hw KHAA YaCTb BepXHeli NOACBUTEM 
XapakTepu3yeTcad CleKTpaMH C MpeoOMalaHueM MIbVIbIUbI TPAaBAHHCTHIX PacTeHHit'te 
K BepXHeH — IIpWypoueHbI CMeKTpbI C OO/IbIIMM KOJIMUECTBOM cCHop MxoB. Kom 
MWI€KCbI, B KOTOPBIX IblJIbila APCBECHbIX NOPO JOMHHUPYeT, BCTPeualoTca pelKo fh 
Cpequ ApeBecubix Nopok HavOoubliee pacipocrpaneHve HMeeT MIbIIbIa Sepes4e 
C MaKCHMYMOM KOTOpOH CoBlalaeT YMeHbIUeHHe B CHeKTpax MbIJIbIbl TEMHOXBOHE 
HEIX Mopos: Abies sibirica Ldb., Picea sp., Pinus sibirica. H3 TPaBAHHCTHIAD 
pacTeHHH, MOMHMO OObIUHBIX IpeAcTaBuTenel cemelicrs Cyperaceae, Caryophylii 
laceae, Chenopodiaceae, rpymnpt pasHoTpaBHa, WIA CBUTHI UpesBbIvaHHO Xa | 
PakTepHO IIPHCYyTCTBHe MbIWIbIUbI KAKUX-TO TpaBAHWCTHIX PacTeHui H3MeHeHHODM 
mpoueccamu coccurusanun. UerBepTHynHEre CMOpOBO-IbWIbIeBIe KOMIMIeKCBE 
Bcera COMPOBOXKalOTCA JOBOJIbHO MOCTOAHHBIM COCTaBOM Tlep eCOT/02KCH HED! 
cbopM u3 Oovlee ApeBHUX NO BOSpacTy OTIOReHUIi—NepMO-TpHacoBElX, IOPCKHX 4 
MeJIOBbIX HM TPeTHYHBIX, MHOWeHOBLIX. BeTpeuatoTca pa3suunpre Bunn Pediis 
astrum, Hyalodiscus sp., cnukymp ry6ox. 


a Teoormyeckue padotsl mpoBposzusuch C. A. Kopanespim, A. A. JJa3apespim, C. B. Sn 
mTeHHoM Hu B. A. Sy6akospio. 
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BepXHaAad YacTb CBUTHI «CHS3bIX CYIVIMHKOB» MO COCTaBY CHOPOBO-MBIbUeBBIX 
MICKTPOB MOXKeT ObITb OTHECEHA K M@XMELHAKOBLIM OTMO%KeHNAM. Msmenenna 
3 COCTABE KOMIWICKCOB CBUJeTEIbCTBYIOT O TOM, UTO KIMMAaTMYeCKHe YCJIOBUS 
30 BPeMA (POPMUPOBAHHA STO TOVJIIM He ObINM NOCTOAHHBIMA. OnTuMasbupie 
/CMOBUA MEXJIEIHHKOBbA XapaKTepH3yIOTCA TeMHOXBOMHBIMU (KepOBO-NUXTO- 
30-EJIOBLIMM) JICCAaMH B COYeTAHHH C COCHOBO-MOXOBBIMU Gepes0BO-TpaBAHH- 
THIMM JIecamH. B CNOpOBO-NbIIbIeBLIX CMe€KTpax u3pelKa BCTpeyaloTCA On- 
fouHbIe 3epHa Tilia sp. 

_ Himapr CBHTbI «CH3bIX CYTIMHKOB» JomMHbI Enxucest MoryT ObITb comocTaB- 
leHbI C “CH3bIMM CyrIMHKamMu» B. H. CyKauesa (7) u dbasoh «A» cbnoppl CH3BIx 
-yruiMHKoB IT. A. Huxuruna (*), orBeuatoujux ypessemy (muHesb) oseqeHeHuio. 
_ Bepxm CBUTBI «CH3bIX -CYIIHHKOB» MOXKHO ComocTaBUTh c Paso «By cropEr 
(CH3bIX CyriMHKOB» I]. A. Huxutuna (°). 

_ Ha «cusple CyrMHKH» C HeEOOJIbIUHM BPe38OM JIOKAaTCA TypyxXancKue necku— 
al Q!-? (tr), covlep»Kalme eMMHHYHYIO IBIIbUY XBOMHBIX MOpok u ABUAIOMIMeCH, 
MO-BHMMOMY, aHaJIOroM «{MaroHaJbublx MeckosB» I]. A. Huxurtuua u B. H. Cy- 
KaueBa. Hw KHAA YaCTb UX OTBe4aeT KOHILy MexkKseHHKOBOrO BpemeHu (Q}), 


A BEPXHAA POPMUPOBaslaCb B YCJIOBHAX HAaCTYNaHHA JIeMHUKOBOTO MOKPOBa. 

— OcvwHOBCKHH paHoH ABJIAeTCA KpaeBbIM WIA JICMHHKOBOM S30HbI MaAKCH- 
MaJIbHOFO OJIe€CHeEHHA, H MOPECHHbIle OTIOXRKeHHA, PASBHTbIC Ha BOMOPasfemax, B 
mpewqemax Enucevckou BuaMHbl, PalluaIbHO MepeXOJAT B OTJIOXKeHHA IPUIETHH- 
SOBOTO OacceliHa (aAplleBckHe cIoH). CMOopoBO-MbWIbueBOlt CMeKTP STHX cuIOeB 
Ui — IglQ?) sHaunTembHo O6eqHeH HM XapaKTepusyeTCA mpucyTcTBHeM Gepesnt 


A TpaBAHUCTEIX pacteHul. Mopena mu60 BoOOIIe He COMEpXHT CNOP MH MbIVIbILBI,. 
m460 COJlep KUT OO€HEHHBIM CMOPOBO-MbIIbUeBOH CM€KTP YKa3aHHOTPO BbIIlle THMA.. 

Ha mopeHe MaKCHMaJIbHOPO OJIeMeHeCHHA M CallMaJIbHO 3aMelLalOlUx ee O3ep- 
HBIX TVIMHAaX 3asleraloT Mecuanble XaxameBckuve con — lalQih) u riMancTEe 


OMIBIBHHHCKHe CoH — IQU(op). Ute w Apyrue opmupoBasucn, cyAA no Jan- 


HbIM CHOPOBO-IIbIJIbIeBOTO aHaiH3a, B THMHYHO MeXJICQHHKOBbIX YCJIOBHAX. 
3]lecb, TaK 2Ke KaK MH B KOMIMJIeKCax CPe€MHeEYeETBEPTHYHbIX MCXJIEMHUKOBbIX OT- 
OXKeCHHU, MPHCyTCTBYIOT BCe KOMMOHEHTHI CIEKTPOB, C TOM JIMUWIb pasHuei, To: 
B HUX COMe€pKUTCA 3HaAYHTeJIbHO OOJIbUWE MbWIbIbI APeBeCHbIX MOPOA HM MeHbIUe 
MbIIbIbl TPaBAHHCTHIX pacTeHHi. [I[poueHTHbIe COOTHOIMeEHHA MbIVIbIbl TeMHO- 
XBOHHBIX MOPOR MaHHOM MexKMeAHUKOBOK TOM TOKe OTMMVAIOTCA OT MpOmenT- 
HOO COOTHOIWeHHA TEMHOXBOMHOFO KOMMIeKCa «CH3bIX CYIIMHKOB». Cpequ me- 
PCOTJIOXKEHHIX MIbIIbIbl H CNOP MpHCyTCTBYIOT MepMO-TPHacoBble, IOPCKHe, Me- 
OBI H TpeTHYHbIe COpMbI, BCTPevalOTCA pasIMYHbIe Bub Pediastrum, Hyalo- 
discuS Sp., cmukybl ryOok. HuxHHe TOpH3SOHTHI MeXJIeTHHKOBbIX OTJIOKeHUM 
XapaKTepH3YIOTCA CieKTpaMH C OOHIMeM CIIOp MXOB, OoJlee BepXHHe TopH- 
30HTLI — CHeKTpaMu C MpeoOuJaaHveM MIbIJIbIIb] TEMHOXBOMHBIX MOpoy c efu- 
HMUHLIMM 3epHamu Tilia Sp., Ulmussp. u Osmunda Sp. Jjannpre cneKTppi cBa3a- 
HbI C ONTHMAJIbHBIMU JIA YETBEPTHYHOTO NepHosa KIMMaTHYeCKUMH YCJIOBMAMH . 


BepxHAd “acTb CaHYyrOBCKOH CBHTbI — eHHCeHCKHH TopH30HT — onpe- 
eAeTCA B MOJIe KaK COMCTaA MOpeHa. Cofep2KaHne CHOP H MbiJIbIUbI YeTBEPTHY- 
HOrO BOSPaCTa B eCHHCeHCKOM TOPH3OHTe, MO CpaBHeHHIO C OINVIbIBHMHCKHMH 
CJIOAMU, OUCH He3HAUHTeIbHOe. OJHAKO MpeeCMCTBEHHOCTh CleKTpa UM eFo I0- 
CTEMCHHOe 3AKOHOMEPHOe H3MCHEHHE CHU3Y BBEPX NPOABJAIOTCA BOHE ONpese- 
€HHO, UTO CBHJeTeIbCTBYeT O HECOMHCHHOM MpMHafWIexKHOCTH CYTVIMHKOB 
eHUCEHCKOFO TOPHSOHTA K TOM 2e O38ePHO-3CTyapHOH Tove, YTO HM OMVJIBIB- 
HHHCKHe ClO. Camble BepXH CaHYyFOBCKOM CBUTHI MpeNCTaBJIeHbI JICeHTOUHBIMH 
riunaMu MoutHocTHIO Jo 10 M, (palluaJIbHO 3aMellalolWwuMUcA (PIOBHOT ALMA b- 
HbIMH ecKaMH. STU «Hakpenucelickue cou» — lgl —fg] Q® (Se) He cowepxaT 
crop HW MbWIbIbI YeTBeEPTHYHOTO Bospacta. CropoBo-MblIbIeBou aHasiu3 MOL- 
TBep2klaeT IpMHaliexkHOCTb BepXHeH YaCTH CaHYYTOBCKOM CBUTBI (eHucelickult 
TOPH3OHT) K JICXHMKOBbIM OOpasOBaHHsAM. «HalbeHucelickue CJIOH» BeHUAaIOT 
paspe3 IIpuenuceiicko paBHHHbI. K Ooslee MOJIOABIM OTJO2KCHHAM OTHOCATCA 
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OcayKH, CJlararoulMe peuHbte 


I 

@ 10 < Teppachl JouMHb! Exnuces. 

: § § Aamosult TV naqnofimenxoli 
a & 5 Teppacer (100—150 m) umeer 
S CNOPOBO-IblJIbILeBOH CieKTp 
6 Me€KJI€(HHKOBOFO THIa; Sepeso- 
S : BO-TPaBAHHCTHIM — B CaMbIX HH- 
Ae 1 «aox 3aX aJJIIOBUA; Ta@KHIM, C a6- 
aN -waitako xmeuoy edo COJIOTHBIM MAKCHMYMOM eH — 
68 Bulle. [lepeoTsoxeHHOK MbIWIb- 


lbl H CHOop u3 Oovlee TpeBHUXx 
MO BOSpacTy OTJO%KeHHH. 
BepxHaa vacTb anmtiopua 1V 
HaMMOHMeCHHOH Teppacbl UMeeT 
e€AHHMUHY!0 IIbVIbILY WIM 2Ke BO- 
oOule HemMasx. Dopu30HTasbHaa 
CJIOMCTOCTh MeCKOB HMeeT Mep- 
3JIOTHBIC HapylWeHHsA, a MOBepx- 
HOCTb TeppachI pa3OuTa «eqA- 
HbIMM KJIMHbAMM». Hurxe no Te- 
yenuio peku IV HamnolimenHan 
Teppaca lepekpbita MopeHoH 
SbIPAHCKOTO OJIeqeHeHHA, UTO 
MOSBOJIACET OTHOCHTb HH3bI Tep- 
pacbI K Ka3aHWeBCKOMY MexkuJIeL- 
HUKOBoMy Beky (Q3k). 


Aasospunt II] pannolimennok 
Teppacpr (50—60 m) umeer enu- 
HHUHYI0 IIbIWIbILy HIM HEMOM, YTO 
NOATBeEp*KMaeT OTHECeHHE Cro K 
BeKY 3bIPAHCKOFO OJIeeHeHHA 
(Qi). OrpannueHuble NaJIHHOJIO- 


ruueckuve JaHHple mo II uw I 
HaJMOHMeHHBIM TeppacaM I103- 
BOJIAIOT YTOBOPHTb JIHIIb O06 
YIIYUeHH KJIMMATHYeCKHX yc- 
JIOBHH MO CpaBHeHHIO CO Bpe- 
meHem cbopmuposanua II] nan- 
NMOHUMeHHOH Teppacsl. 

TakuM oOpa3om, B paspe3ax 
OcuHoBcKoro palHoHa uMeeTCH 
TPH MeXJICMHHKOBbIX TOPH30H- 
Ta: CpeHeMeKJICHHKOBBIM , CaM- 
6yprckHH WM KaSaHWeBCKHH, u 
yeTHIPe JICMHHKOBEIX: JIEMbsIH- 
CKMi, CAMAPOBCKHU, EHHCeHCKHH 
HW 3bIpPAHCKMH 


JlenuurpancKulh dusHat 
Tugpompoexta 
Bcecoro3Hblii HAay4HO-HCCJIeLOBaTeJIb- 
CKHH TreomorMuecKHH HMHCTHTYT 

Tloctynuo 13 X 1957 


UMTHPOBAHHAA JIMTEPATYPA 


1B.A.3 y6axos, JAH, 119, 
Ne 4 (1958). 7B. Cy xa wes, 
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TbBIMH JI€CaMu 


x 
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Ej, MHHMUHBIe HaxOMKH 3epen TEMHOXBOH- 


I. Keqposo-esloppie leca B coueTaHyN Cc 
HbIX MOpOR, Sepes, MamopOTHHKOB H MXOB 
I. TlepuraaunanbHaa «ema 30Ha 


Il. Bepesoppie eca Cc TpaBAHUCTHIM T0- 
6epes0B0-OJIbXOBLIMH TPaBAHK 


EXMHUUHBIe HaXOJKM 3epeH TEMHOXBOHHbIX 


III. Kexposo-naxtopo-eJoBnre seca (B ClO- 
MOpOjl, MaNOpOTHHKOB HW MXOB 


POBO-IIbIJIBUeCBbIX CIEKTpax BCTPeyatoTCH eH- 


TeMHOXBOHHBIe (em0BbIe) seca (?) 


lie 


HOBO-MOXOBbIMH HU 6e pe30BO0-TpaBAHHCTbIMH 


HMYHbIe 3epHa Tilia sp.) B CoueTaHuM c Coc- 
jlecaMu 


KPOBOM 


TypyxaHckve con 


10-20 


«dOouNHuLIAD xIdeHo» BLE) 


2 
1 
Aumopuit 2OJeqHHKOBOH JOsMHBI 


Enucea — mecku 


Qutb 
2 

2 

1 

1 


i 


. 
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J pepHeseqHuKOBEIE 
JLone .HMKOBBI 


CpeqHemMex 1eHuKO- 
(emb AHCKuIt) 


BbIM (TOOObCKHE) 


PactutestbHoctb CCCP, 1, 1938, crp. 


z d TQ) wun KH 183.0 3-TL. A. Hw kw itn, AMS 
cae i . H | 61, NM 6 (1948). 
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Jloxnxann Akagemunu nayk CCCP 
1958. Tom 120, Ne 4 


10. B. KA3MHH, B. B. KO3JIOB u M. H. COJIOBbEBA 


O CPEXMHEKAMEHHOYIOJIBHbIX OTJIOKKEHH AX 
B 3AAJIAMCKOM XPEBTE 


(ITpedcmaeaeno akademuxom H. C. Ilamekum 25 I 1958) 


J]o nocne Hero BpeMeHH reodloru4eckoe cTpoeHue Saadalickoro xpeOra ocTa 
BaJlOCb Cla60 U3y4YeHHBIM. B oco6eHHOCTH 9TO KaCaJlOcb CTpaTurpaduu BepxH 
MaleO30HCKUX OTJIOXKeHHH, WHPOKO paCIpocTpaHeHHbIX Ha IOXKHBIX CKIOHA: 
“ B OCeBOH “acTH xpeOTa, YTO B 3HAYHTeJIbHOM Mepe CuleqyeT OODACHATH 4pes 
BhIYaHHOH TPYAHOAOCTYNHOCTbIO STHX PaHOHOB. 

Bprxoybl BepXHeMasleo30HCKUX OTJOKeHHH B HanOoIee JOCTYNMHEIX yuacTKa! 
xpe6ta (meqHuK At-J[Kalimay) B 30-x roqax 6pitu TocemeHb! A. B. Xa6aKkoBbl 
uT. A. JlyrKepuyem (°,*), cocraBHBILMMH 32eCcb paspe3 HH2KHeli Mepmu. Bowe 
JpeBHue OTJIOXKeHHA B paspese BEPXHero Maleo30A WIA TOTO paoHa UMM H 
yka3prBarorca. B 3amaquoli uactu Saamaa (BepxoBba p. AntprH-J[apa) Bb. A. Bop 
aemaHom u C. K. OspyunnuKkospim (*) TakxKe (HKCHpOBaJINCcb BepxHeraJeo, 
30HCKHe OTIOXKeCHHA He [peBHee WIBarepHHOBOrO TropHs30HTa. Ha 102%KHOM CKJIO' 
He xpe6ta H. H. J[uuyrempurregtom (*) ycTaHaBsMBalocb B Oacceline p. Yi-Cy 
HaJIM4He CBUTbI MOPPUpOUAOB, BO3PaCT KOTOPOH JHLWIb MpeMNOOXRUTEbHO Ope 
WeAJICA MM KaK CpeqHeKaMeHHOYroJIbHbIM. TakHM o0pa30M, B JIMTepaType H 
UMeeTCA JOCTOBEPHEIX YKa3aHHli Ha NpHcyTcTBue B Saasalickom xpeOTe (bayHU 
CTHYeCCKH JOKA3aHHbIX OTJIORKCHHH CpefHero OTela KAMCHHOYFOJbHOM CHCTeMBI 

IIpH cocraBuleHuH YreowlormuecKoH KapTbl Saastalickoro xpe6ta (1955— 
1957 rr.) OblvIM NOJY4eHbI MHOFOUMCJICHHBIe HOBbIC aHHble, MOSBOJIAIOMUIHe B HA 
CTOAMLee BPeCMA YTOUHHTb CTpaTurpadu1o BepXHemaseo30HCKUX OTIOXKeHUH 
MB YaCTHOCTH JOKasaTb HallM4Ne 3eCb MOPCKHX tbayHUCTHYeCKH OXapakTepH: 
SOBaHHBIX OTMO%KeHHH cpeqHero Kap6oua. 

CpefHeKaMeHHOYTOJIbHbIe OTJOKCHUA YCTAHOBJIEHBI B Oacceline sMeHUKE 
KopKeneBcKoro, re OHH IIpOCexKHBaIOTCA B OCHOBaHHH MpaBoro Gopta JOsMHB 
WH MepexoMAT Ha ee JIeBLIM OOPT JIMUIb B CaMbIX BeEPXOBbAX JeqHuKa. Sanayuee 
MX BbIXOJbI CKPbIBaIOTCA MO COWHEIMH (PUPHOBbIMH NOJAMH MacCCuBa MuKé 
Jlenuna. Bocrounee, Ha BoLopa3zeqe Mexy wequuKamu Kop>Kenesckoro u AT: 
JKaiay, STH OTIOXKeHHA Cpe3aHbl KPYTbIM HaXBHTOM, NPHBOLALMM B Co: 
MIPHKOCHOBeHHe OTJIOKeCHHA HWKHEH MepMH H Maseorena. 

B ocHopaHuu oOnakKaloulelica uacTH pa3pe3a cpefqHero Kap6oHa 3avlerael 
mauka YePHbIX MACCMBHbIX H3BeCTHAKOB. M3BeCTHAKM MeJIKOJeTPHTYCOBBIe, CO: 
hep2xkaT OoMbiloe KOJIMYeCTBO YWICHHKOB KPHHOW Jeli, a Takx%ke HeoOMmpeenHMBI 
o60MKU OpaxHvono, HW MUIaHOK. 3yecb xe MpucyTcTByIoT MHOTOUNCIeHHBIE co 
pamuundepsl, onpesenennpie M. H. Conospezoii: Pseudostaffella ex gr. anti 
qua (Dutk.), Profusulinella ex gr. librovichi (Dutk.), Aljutovella postalju 
tovica Saf., Al. aff. elongata(Raus.), Al. rauserae Solov. in litt., Fusulinell 
praebocki Rauser. B stom coo6mecrse Bug Aljutovella rauserae xapaxteper 
AMA OTMOXKCHUK KaliMpcKoro ropu3souTa xpeOra Hypa-Tay, Apyrasa xe cbopme 
Aljutovella postaljutovica xapaxrepusyer co6o1o KalMpcKuit ropu30uT Camap 
ckol Jlyku u Tlepmcxoro IIpuxamba. Buy Fusulinella praebocki taxxe 3 
BeCTeH H3 OTJOMKCHHH KallMpCKOrO ropu30HTa PyccKkow naTbopmpr. Takum o6 
Pa30M, MOXKHO C YBepe€HHOCTHIO OTHECTH 3TH OTMOXeHHA K KallIMpCKOMy Top¥ 
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OHTY MOCKOBCKOTO Apyca cpesHero KapOoHa. BugxuMaa MOULHOCTh MauKH H3- 
e€CTHAKOB cocTaBner 50—60 Mm. 

Bpie Mo paspesy cileqyeT Mauka MepecsaMBalouluxCA TCMHBIX MJIMTIATbIX 
JaHUeBaTHIX H3BECTHAKOB HM TVIMHMCTO-KapOOHaTHBIX CilanHueB. B cocTase 
MaukH MpeoOlalaloT U3BeCTHAKH; TIMHUCTO-KapOOHAaTHble CiaHItbl OOpasytoT 
BHHX Mpocson moulHocTbIo 10— 
15M. B HuxKHeH Y“acTH MauKH Co- 
jep2KaTcaA peqkue H MaJIOMOILHEIe 
(5—7 mM) Mpocwtou aHesHuTOBBIXx 
nopduputTos. B yomune meqHHKa 
Kop2xeHeBckoro, B ero cpeHeM 
TeueHHH, B OJHOM H3 Mpocmoes : 
YepHbIX H3BeCTHAKOB, IpHypoueH- , gy EOS 
HBIX K BEpXHeli YacTu pa3pe3a, Obi CMM topes t 


Haliqeu Choristites priscus Eichw. i 
ykasneaomud, no saxmouenmo CJ’ =U -ll-ZZ2> > 
ee ero B. C. l'yOape- Puc. 1. Cxematuyeckaad reomormuecKkad kapTa 
BOH, Ha CpeAHeKaMeHHOYTOJIbHBIM Oacceliva leqHHKa KopxxeneBckoro. /—1eJHHKH 


BOSpacT BMeLLaIOlwux ero OTJIO#Ke- W BeYyHble cHera, 2 — meOBble H MasIeOreHOBble 
Huw. MouwwoctTb BceH MauKu B Ie- OTJIOXKCHUA, 3 — HMKHEMeEPMCKHe OTVOMKeHHA, 
stow xoctitraet 100 1. eee CaN un ates ti 

CpeqHekaMeHHOYTOJIbHBIe —OT- Je030A, nee Rapes Apyienan 
HowKenuA Oe3 BUAMMOrO Hecorvia- 

CHA MepeKpbIBaloTCA TOMULeH Mep- 

/TEIMCTEIX CJIAHWeB, KOHTJIOMepaTOB, H3BeCTHAKOB HM APpy3HBOB cpeHero Cco- 
cTaBa. Ota ToJila, Ha OCHOBaHHM ONpeeseHHi (PayHbl, COOTBETCTBYeT NO BO3- 
‘pacry HW2KHeH YaCTH WBarepHHOBOTO FOpPH30HTA. 

Xapaktep paspe3a cpefuero KapOona Saasalickoro xpeOTa MH BUOBOM Co- 
cTaB cbopamuHudep NO3BOJIAIOT BbICKa3aTb MpelNouoxweHHe O EAMHCTBE OOACTH 
C€JIMMeHTAallHH, OXBaTHIBalouleHh Amalickuh u Saanalickul xpeOTsl u, o“eBHAHO, 
Hlappas. B cpa3u c sTuM MpHoOperaror ocoOo BaxKHOe 3HAYCHHE YKa3aHHA Ha Ha- 
JMUMe MOPCKHX OTJOKeHHH cpeqHero Kap6oua B JlapsBa3e. 


BcecorosHbl adporeomormueckul TpecT Nes 
23 


UHMTHPOBAHHAA JIMTEPATYPA 


15. A. Bopueman,C. K. Op4nHHUKOB, Tp. Tamxuxkck.-Ilamupcx. 9Kcr., 
JI., 8. 65 (19386). #H. H. Munreapburte Qt, Tam xe, B. 33 (1936). SEPA eilevan= 
KeBuu, Coopx. Hayynse utorn TagxukcKo-Ilamupcxow axcnequuun, M.—JI., 1936. 
4 A. HytKxesus A. B. Xa6akoB, TamKuKc. KOMI. 9KCI., M.—JI., B. 8 (1934). 
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Jloxxann Akagemunu wayk CCCP 
1958. Tom 120, N41 


TEOJOrH A, 


Cc. H. KOMTEJIOBA 


O MEPHOAM4HOCTH OCA KOHAKOIJIEHHSA B MAHBIYCKOM 
MPOrHBE (GETBEPTHYUHAS HW MJIMOWEHOBAA MCTOPH Ss) 


(I1pedcmaeaeno axademuxom H. M. Cmpaxoeoim 15 I 1958) 


UerpepTuuHpe HW MinoueHoBEIe OTJoweHHA ManpricKoro npormOa, Mexky,y 
TOxupimMa Eprenamu 4 CraBponoJibcCKMM NOJHATHeM, XpaHAlMe elle Hepacwlu- 
dpoBpaHHylo JleTomucb ucTopuu Kacnulicxoro u UepHoro mMopel, MpHBJeKaloT 
BHUMaHHe IWMpoKorO Kpyra TeoworMyueckoH OOmecTBeHHOCTH. OHM BaXKHbI H 
B IIpaKTH¥eCKOM OTHOWeHHN, H60 C HHMM CBA3aHbI Beyulueca B I]pHMaHBIyCKHX | 
CTeNAX HHKeHepHO-reosoruyeckHe HU THAporeosorMyeckue MCCeLOBaHHA HM MO- 
HCKH MHHepaJIbHbIX CTPOHTe@JIbHbIX MaTepHaJIOB. 

YkKa3aHHble OTJOKeHHA elle cado u3yueHbI. OcoOeHHO MaJIO JaHHBbIX 
MMeeTCH O BeULeCTBEHHOM COCTaBe uM reHe3suce oTMO*KeHUH (”). CyxZeHuA O HUX 
CKJIalbIBaIHCb TylIaBHbIM OOpa30M Ha OCHOBe BH3YaJIbHbIX HaOJIOJeHHH UM UC- 
CI€IOBaHH OCTAaTKOB MOJIJIOCKOB, COXPaHWBIJHXCA B oOcaKaXx. 

Tlocnmofinoe u3yyeHHe YeTBEPTHUHEIX H MVJIMOMCHOBLIX OTJIOXKeHHH, MpoHs- 
BeJeHHOe MPH KOMMJICEKCHOH TeowOorMuecKOH CbeMKe HM JleTaJIbHOM M3yYeHHU 
KepHa MHOIMX CKBaxKHH C NPHMCHEHHeM pasHooOpasHbX Wa6opaTOPHbIX MeTONOB 
(rpaHyJIOMeTpHuecKOrO aHalu3a, MHKPOCKONMYeCKOTO, TePMHYeCKOrO, OKpalln- 
BaHHA B OpraHWueCKHX KpaCHTeIAX, XHMMYeCKOTO H Ap.) NoO3sBOMNO Nouy- - 
4WHTb HOBbI€ JaHHble, CYUIeECTBEHHO JONOJIHAIOMMe TWpexHHe UCCIeOBaHHA 
(*-®,7-1°), PadoTbl MpousBOAuINCb B paiione 03. Manpr-lyqumo, B MecTe my4umel 
CoxpaHHoctu Teppac Maupruckoro mpomusa (°). 

IIpu crpaturpaduyeckoM JevleHHH YeETBeEPTHUHbIX MOPCKHX OCaXKOB UCHOJIb- 
30BaHa cxema I. V1. Ilonopa (8). : 

B paspe3se YeTBepTHUHBIX H IWIMOMCHOBBIX OTJIOMKEHHH HAaMeUaeTCA HECKOJIbKO 
KOMIIJI€KCOB, COCTOALLMX NOCELOBaTeIbHO H3 MOPCKOTLO, O3€PHOTLO U CyOaapaib- 
HOrO TeHeTHYeCKHX THMOB ocaqKoB (Ta6n. 1). 

YCTaHOBJICHHEIe TEHETHUCCKHE THILI HMCIOT CBOH XapaKTepHbIe OCOGeHHOCTH, 
B H€KOTOPbIX H3 HHX BbIJeIAeTCA HECKOJIbKO C*allui U PpasIMUHbIX MO cocTaBy 
OTJIOXKeHHH. 

Mopckxok THM ocaqKOB MocleqoBaTeIbHO mpelcTaBmeH MmecKaMH, TeMHO-~ 
CepbIMH TIMHaMH, KBepXY MeCUaHMCTHIMH WIM 3aMelLaloulHMHCA MeJIKO3epHH- 
CTbIMH TleCKaMH HM HM3BECTHAKAMH-pakylWeuHHKaMu (MoceqHHe OOHApyXKeHBI 
TOJIbKO B IWIMOMeHe) C XAPAKTEPHBIM JWIA HUX MpMcyTCTBHeM MOpCKOl cayHBl 
(MOMJHOCKOB M OCTpako). Yka3aHHaA MoCeLOBaTebHOCTh OCANKOB XOpowo 
OTpaxkaeT TpaHCrpeccHBHble MH perpeccuBuUBle (pasbl MOPCKUHX MpoOMHBOB. Caemyer 
OTMETHTb, UTO MOILHOCTH MOPCKNX OTJOXKeHHH BBEPX MO paspesy coKpalarorca, 
a COCTaB UX HECKOJIbBKO MEHACTCA: MECKM CTAHOBSITCA MesIbue, a TIMHbI B BepXHe- 
YeTBeEPpTHYHOM KOMIMIeKCe BbINaarwr. Jia MuHepamormyuecKoro CocTaBa 3TUX 
OTJOKeHUH XapakTepHO MpPHCyTCTBHe CpeAM TAKeMEIX MMHePaOB AuCTeH-CTa- 
BPOJIMT-CHJIJIMMAHHTOBOH Tpylnbl, a cpequ MerkuX MMHepasoB — KBaplla; 
ANA TIMHUCTOH COCTaBIAIONeH XapakTepeH MOHOMMHepabHBIi OelizemMTO- 
BEIM COCTAB. 
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Laowwiina 4 


TpaTurpaduyeckan NOCMEMOBATCJBHOCTB KOMIIJICEKCOB HM TeHETHYCCKHX THNOB OTJOMKeHHE 


Q 

& 

(2) 

TREE U nOgZ-|Tpycp u ropus0H- TeneTuyeckne g 
fe Kommuekcpi c aS 
ormesbI TI ties aun u oTsOKeHHA a3 
a2 

SOBpeMeHUbIH Osepunllt Vane1 


BepxnexBaJIblH- Mopcxkoui? Tlecku w rJIMHBt 
cKMHP 
Cpeqnexpasbin- Mopcxort Tlecku wm rust 
cKHY 
Ty qunopcxuit OzepHo-30u0-| CroucrTie CYTJIHHKH, 
epxHeuer- Bepxue- | puri BBepXy JIeECCOBUZHBIE no 35 
BepTHunpi | bypracckuu YeTBEp- | OsepHblit [umubl Oypble ompecuen- 
THUAN HOrO oO3epa dD 
Taunus rosmy6opatpie co- 
NOHOBATOrO osepa 8 
HkHexBaIbilt- MopcKou Tlecku Mesmko3epHuctpie| 10 
CKHH 
Kapauratckui Mopcexort Ilecxu 4G) 


Sonopo-femo-| CyrawHku sleccoBugubie| 20 


BHaJIbHBI 

| JoKair Huck OsepHplit Tamubl Oypbie ompecHeH- 
Cpeaueuer- Cpemue- Horo osepa no 28 

BepTHunbiti EAU) Oe Tonkue  rosry6oBaTnle 

See PIMHbI COMOHOBATOLO O3epa| = 88 

OBKCHHCKO-Xa- Mop cxo Tlecku memKosepiuctpie| 1—4 
3apCKHit Taub Temuo-Oyphie| S—10 
Tlecku pasHo3epHucTple no 26 

i 

Hxueyer- 
BepTHUHbIli PasMbiB 
_ ApMaBupckult DmoBpuasbHo-| JTaunbt Kpacuo-6yppte| qo 26 
Jl@MOBMAMbHbIM 

TyqunopcKuh O3epupilt TouHKHe NecTpOuBeTHEIe 
Tanouenoppri| WeCTpOuBeTHBIL Ilamoue- PIHMHbI COvIeHoro o3epa| 8—24 
Tloutuyeckult HOES MopcKon M3pecTHAKH-pakyIleyHHKH | lO 5 

Ilecxu Me.IKO3ePHHCTBIe 

Ww  TecuaHble THHbI 
cepoBaTo-6y pple 5—14 
I aMHbl TEMHO-ceppre 12—60 
Ilecku pasHo3epnuctbie | 4—29 


B osepHoM reHeTHUeCKOM THI BbIJeIAIOTCH OCAIKH COMeHOrO (MIM Ke COuIO- 
HOBaTOrO) H OMpeCHeHHOTO oO3ep TOCceqHHe OTMEYAIOTCA TOJbKO B YeTBEPTHY- 
HbIX KOMIVJI€KCaX. 

OcaikH ConeHbIX O3ep MpesCTaB/IeHb] TOHKUMM MeCTpOUBeTHBIMH (OeubIMH, 
PpO3OBaTBIMM UM TOsyOOBAaTbIMU) TyIHHaMH C XapaKTepHbIM IpHCyTCTBHeEM B HUX 
G6aputa, runca u KapOoHaToB. M3 opraHuyecKuX OCTaTKOB THMHUHbI XapOBble 
H Xpylkue ocTpakopl. 

Ocak OMpecHeHHBIX O3ep cOKenbI Gomee rpyObima TIMHaMM C OOJbINMM 
KOJIM4ECTBOM IIpeCHOBOAHbIX ocTpakoy. Jlia MuHepasorMyecKoro COCcTaBa HX 
XapakTepHO OTCYyTCTBHe OapuTa, MeHbIee COMep2kaHue KapOOHATOB HM MOBBIILeH- 
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Hoe — YCTOMUMBLIX TePpHTeHHBIX KOMIMOHEHTOB. IVIMHMCTEIeC MHHEpaJIbl Mpes 
CTaBJICHbI OeleIIHTOM HM FHApocsoaMu. 

Cpequ cyOaspambHBIX TeHeTHYeCKUX THMOB HU OJIM3KHX K HMM OTJIO2%KCHH, 
BbIICIAIOTCA: ZIIIOBHAJIbHO-eJOBUAJIbHbIe, OSCPHO-30JIOBbIe HU SOJIOBO-]leJIOBK 
AJIDHbIC. OIOBUANbHO-JeCIOBUAJIbHbIe OTJIOMKCHHA IWAPOKO PasBUTbI B IVJIMOIME 
HOBOM Kommutekce. MunepasoruuecKui cocTaB HX HHXKHUX TOPH3OHTOB CxO 
JleH C MMHepaslorMyecKHM CoOCTaBOM MOACTHMAaIOWMX TyAMJIOBCKMX TIMH, YT 
CBUJeTeMbCTBYeT O OMM3OCTH STHX ABYX TeHepallui. 

OcalkH 200BOrO MpOHCXOKJeCHUA MPHCyWIM TOJIbKO YeTBeEPTHYHbIM KOM 
miekcaM. OHH MpefcTaBJIeHb! JICCCOBHAHBIMM CyTIMHKaMM C XapaKTePHBIM BBI 
COKUM Cojep2KaHueM aMdvOos0B H MHHepasoB rpynmpl 9mufoTa. TouKad (bpaxk 
IMA UX HMeeT NOJIMMMHepaJIbHbI CocTaB: OelieMT, THAPOCIIO[bI, OKUCJIbI KE 
mesa u ip. Hanmune B HW2KHMX rOpH380HTaX TyMMJIOBCKUX CYIIMHKOB (KPOr0 
IMX OypTacckue O3epHble TIMHbI) COMCTOCTH HM OCTpakOA MoOyAusO paccmMaT 
PUBaTb HX KaK O3ePHO-30JIOBbIe OTMO*KeHUA. BepxXuve TOPH30HTbI STHX CYTVMH 
KOB MMeIOT JI@CCCOBHAHBIM OOJIMK HU MO MHTOJIOTHYCCKHM OCOOCHHOCTAM HE OTJIA, 
YHMbI OT JICCCOBHAHBIX CYTIHHKOB, PasBUTbIX 3a TpeeaMH JOMHbI MpoJUBa 

BpieleHHEIe B pa3spe3e YeTBEPTHUHBIX H IVIMOMCHOBBIX OTJOKeHHH JIMTO 
TeHeTHUeCKHe THI! H HAMCYEHHBIC KOPPCJATHBHI MOSBOJIAIOT IPHUTH K CeLy10 
IMM BbIBOJlaM: 

1. B uersepruuHoli u MMoeHoBol ucTopuu Treodlormyeckoro pasBuTHa Ma 
HBIMCKOrO MporuGa ycTaHOBIeHa YeTKaA NePpHOAMYHOCTh OCaKOHAaKOMIeHHA 
IIPOABJIAIOMLAACA B Me€pHOAMYeCKOM NOABJICHHH B paspese OJHHX HM TeX Ke rene 
THUCCKHX THMOB: MOPCKHX, 34 HAMH O3EPHBIX, a 3aTeM CyOadpaJIbHbIX. QTO asic 
BO3MOXKHOCTb BbIJeIMTb TPH KOMIMJI€KCa: MJIMOMeHOBbIN, CpeqHeYeTBEPTHUHEIH F 
BepXHeyeTBepTHYHbI. HysxHO OTMeTHTb, 4YTO B KaKJOM KOMIMJIeKCe CXOJHBIE 
OCaKM KaveCTBCHHO HECKOJIbKO OTMMUAIOTCA Apyr oT Apyra. YKa3aHHble ocoGbeH: 
HOCTH PeCHETHYCCKHX THMOB Oolee BbIPAXKeHbI B APCBHHX OTOMKCHHAX. 

2. YcTaHOBJeHHble JIMTOreHeTHYeCKHe THMbI H HX OCOOCHHOCTH B psle Cu: 
yaeB MO3BOJIMJIH YTOUHHTb CTpaTHrpaduyeckoe MOJIORKeHHE OTJOXKEHUH, OCO- 
O6eCHHO TIPH KOPPeJIAWHU TOM, JIMWeHHbIX MOOCKOB. IlowyueHHbIe JaHHBIe 
MOryT ObITb HCHOMb30BaHbI IPH H3YYCHHH CXOJHBIX CJIOXKHBIX Pa3pe30B MIMO- 
WeHOBbIX H YeTBEPTHUHEIX OTO*KeHHH Manpruckoro nporn6a Hu MpHmeratollux 
K HemMy palionop Kacnulickoro u Uepxoro mopei. 

3. Mopexue reneTHueckue THIMbI OTIOXKeHHH ABIIAIOTCA CBUeTeEAMH MOP- 
CKUX MpOMMBOB HM pacCMaTpHBaloTcA Kak CTpaTurpaduyeckue pyOexu B pa3- 
BpuTtuH Manpruckoro mpornoa. B pa3spese MIHOWeHOBBIX H YETBEPTHYHbIX OTJIO- 
»*KeHHH Manprcxoro mpornoa, y o3. Manpry-lynquao, coxpanumucb culeqE ue- 
TbIPCX MOPCKHX IIpOJIMBOB: MOHTH4eCKOrO, 2SBKCHHCKO-Xa3apCKOrO, HW KHEXBa- 
JIbIMCKOTO MH KapaHraTCKOH MHIpeccHH HW CpeMHeXBaJIbInCKOrO. KapanraTcKaa 
MHIrpeccuA MpHypoyena K 9NOXe, MOCMeLOBaBWIeH 3a MAKCHMAJIbHBIM (HENpOB- 
KUM) osleqeHeHvem. IlocmenHee oTMeyeHo B ManpruckomM mpornu6e HakorieHHeM 
MOLMIHOH TOJIMIM JIeECCOBHAHEIX CYIIMHKOB (HWXKHHM TOpH3oHT). 

4, [lepuoquuHoctTh ocakKoHakONJIeHHA CBASHIBAETCA C KOMCOATEIbHBIMH JBU- 
2KCHHAMH 3€MHOM KOPbI, a B YETBEPTHYHOe BPCMA HW C KJIMMATHUCCKUMH H3Me- 
HeHHAMH. B ueTBePTHUHbIX KOMIWICKCaX OTJORKeHHU OOpaljaioT Ha ceOA BHH- 
MaHHe CJleIbl ONPeCCHCHHA 3aCTOHHBIX O3ep, OCTABLINXCA Ha MeCTe OTMUPalONUXx 
MOPCKHX IIPOJIMBOB, HW TOPH3OHTbI JIECCOBHAHBIX CYIIMHKOB, BPA WM reHeru- 
YeCKH CBASAHHBIX (Cy MO HX MHHepasloruyecKOMy CocTaBy) ¢ Hu>KelexKalluMHy 
riMHaMu. CyrIMHKH, BAAHMO, MOXXHO CHHXPOHH3HPOBaTb C JeHMKOBBIMHM 93M0- 
XaMH, HMCBLUHMH MeCTO B YeTBEPTHYHOe BpemMa. 

5. TeneTuueckant OOcTaHoBKa OTIOX%KeHM ABMAaCh MpupomNolt cpeqol AA 
PasMMUYHbIX MOMCSHbIX HCKOMAaeMbIX. K MecuaHbIM MOPCKHM OTJIO2%KeHUAMH IPU- 
YPOVCHBI NOSCMHBIC BONbl HM CTPOMTeMbHbIe NeCKH; K USBECTHAKAM-pakyluey- 
HUKaM — CTeHOBOH KaMCHb; K OTJIOXKCHHAM COJIEHBIX O3eP, OCTaBUIMXCA Ha 
MecTe OTMHpalolluX MOPCKHX MpOJIMBOB,— TVvIMHO-rHMCbIl, NOBapeHHad Cob UH 
NeueOuble TPA3H; K OCaLKAaM 9OJOBOTO MpOHCXOxXAeCHHA — MIMHbI KUPMMUHEIe ¥ 
yepemMunbie (BO3MOXKHO KIMHKepHbie). Takum o6pa30M, BBIJeeHHEIe reHe- 
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MYCCKHE THIMbI OTVIOXKCHHU MOSBOJIAIOT OPHCHTHPOBaTb MOMCKM BOI HW CTPOH- 


CJIBHBIX MaTepHaJIOB, HeEJOCTaTOK KOTOPBIX OyujaeTca B IIpumMaHbrckux efe= 
TAX. 


Poctoscekuli-Ha-Jony rocyapcTBeHHbili Ilocrynuso 
_YHHBepCuTeT 19 XII 1956 
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Jioxrnagn Axagemun nayk CCCP 
1958. Tom 120, Ne 1 


TrEOJOLHA 


E. M. JKOTKEBHY u lr. &. WIHEAEP 


O BO3PACTE OTJIO)KKEHHM MECTPOUBETOB FOrO-BOCTOUHOLO 
MNPHTHMAHbSA 


(ITpedcmaeaexno akademuxom C. H.Muponoeoim 24 XII 1957) 


[lenTpabHOlt HayuHO-HCCeMOBaTeIbCKOH saSdopaTopHeH YXTHHCKOTO KOM-, 
O6uHaTa HaM JIA ONpekemeHHA BO3pacTa Obl MepeqaH MaTepHasl U3 OyYPOBbIX 
CKBaxKHH toro-BocTouHoro IIpuTumMaHbaA. CkBa2xKHHaMM OCBelllaeTcA TeppHTOpHA 
oT 4. YcTb-Llvapmpl u p. Jlembio Ha ceBepe Jo p. Ces. Mpwippt Ha tore H OT; 
p. Vixxmpl Ha 3amaze Jo p. Meuopprs palione yctba p. Mtya na BocToxe. Paspes 
OTJIOKeHHH BepXHeH MepMH Ha STOH OOWIMPHOH NowWalW XapakTepusyerTca 
B OCHOBHOM TeM, 4TO BCIOLY MeCTPOUBeTHI ITOTO BO3PacTa NOACTHMAIOTCA HUIKHEH, 
MepMbioO, IpeCTaBJIeHHOH KapOoHaTHbIMH WIM TasIOreHHbIMH Nopofamu. B Tex. 
ciyuaax, Kora NoceqHHe pa3BUTbI B paspe3se, Kak 9TO yCTaHOBJIeHO MexK]y 
pp. bluatT u Ilesopo, ner comMHeHHA, 4TO Hall PaJIOTeHHBIM MW THMCOHOCHBIM KYH-) 
ryYpoM JlexKaT OTMOKeCHUA BepXHel NepMH. 

IIpH oTcyTcTBuu TaJIOreHHbIX WH THMCOHOCHBIX MOpoy, Kora MecTpOUBeThI 
JlOKAaTCH Ha KapOOHaTHble OTIOMKeHUA, BOMpOcC OO HX BospacTe pellaeTcA yxKe 
TpyHee, Tak KaK OH 3aBHCHT He OT CTpaTurpatuyeckoro NoJOKeHUA Hal ocal- 
KaMH, XapakTepH3YIOULUMH MOCeHIOIO CTaMIO CYILECTBOBAHHA HW 2KHEMepMCKOrFO 
OaccetiHa (commu KyHTypa). OH ompememaeTcA BO3pacTOM (bayHbl, CozepxKamelica 
B KapOOHaTHbIX OTJIOX%KCHHAX, NOACTHMAIOULUX MeCTPOUBeThI, YTO HMeeT MECTO; 
Ha BCeH OCTaJIbHOM TeppHTopuH toro-BocTouHoro IIpuTuMaHba. BepxHaAa 4acTb 
MeCTPOUBeTHBIX OTOXKeHHH Ha CeBepO-3alaye TEPpHTOPHH MpNHadMexUT TpU- 
acy, 4TO emule OTMeYaIOcb B padoTe A. A. Mamaxosa (°) u noyTBepxeHO Haxo]-— 
KaMu OeHTO3YXOBOH ayHbl. : 

Tepputopua no JByMA THMaM paspe3a HM2KHEMEPMCKHX OTMOXKeHHM IOLO-BO- , 
crounoro IIpuTuMaHbs pasfemAeTcaA Ha MWIOWalH C MpHCyTCTBHeM TaJIOTeHHBIX | 
OTJIOX%KeHHH KYHTypa MW 6e3 HX. 

Paiion cpequero Tevenua p. Tevoppt ot r. Tponuxo-Ileyopcxa kK wry, re 
BuagatoT pp. Jlara u Maem c mpaporo Gepera, a p. Ces. Muinpa c p. bluat 
C meBoro, Kak yCTaHOBJeHO OypeHHeM, XapakTepHsyeTcA MpHCyTCTBHeM Cose- 
HOCHBIX OTJOXKCHHH KYHTYPa, MOKPbIBaIOMHXCA TeM XXe€ KOMIWICKCOM OTJIOXKE- | 
Hult, uTo Ha Enmau-Ilapme (’) # B Kamcxom IIpnypambe (°), T. e. oTmo2%KeHH- 
AMM THMa COJIMKAMCKHX IIMTHAKOB H MeQMCTEIX MecuaHukoB. B Hw xKHeMepM- | 
CKOM BospactTe CouleH KYHTypa 3eCb He IPHXOJMTCA COMHEBaTbCA, NOTOMY YTO 
Anthraconeilo artiensis (Stuck.), Nuculana (Polidevcia) stuckenbergi Tschern. 
u Paraparchites sp. Berpeyenbl nox raJloreHHbIMH OTIOXKeHUAMH KYHTypa 
B CKBaXKMHAX, PaCMOJIOX*KeHHbIX MexLy pp. bluat u Ileyopoi. Bocrounee, B palt- 
one Mpruckoro 3anoBeqHuKa, B BepxOBbAX p. Tleyopni, B ypounne Kamexupiii 
Bop (io MaTepHasiam, nepegannpm H. M. Ilomsicoppm) wa cnoax c Anthraco- 
neilo artiensis (Stuck.)1exaT He KYHYPCKHe COJIeHOCHBIe HIM ypHMCKHe KpacHo- 
IIBCTHBIC OTJIOXKEHHA, a COJepxKaue dayHy aHTpako3uq. Cpeyqu Hux HaMH 
copmectHo c O. B. Jlo6aHopol, Kak BO BCeX NPHBeJeHHBIX HW 2Ke CLYUAAX OMpe- 
NeeHHA Meleunnoy, ycTaHoBeHbt: Palaeanodonta aff. dubia Amal., Palaeo- 
mutela aff. similunulata Amal. n Oligodon aff. geinitzi var. sexadens Amal., 
ONMCaHHbIe€ TOJIbKO H3 TaTapcKoro Apyca. 
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Takoe »Ke OTCYTCTBHE OTIIOXKeHu KYHrypa MH YPUMCKOHM CBUTbI UMeeT MeCTO 
ypounnre Muumapma no p. Bapxay-Emb, rae B paspese ycTaHOBJeHEI CON 
petuero KapOona c Conocardium utalicum Vern. u cou apTuncKoro spyca 

Anthraconeilo artiensis (Stuck.), nay KoTopprmu mexKaT oTAoxKeHUA c Ko- 
ymia sp. u Pseudomonotis elegantula Netsch., yxasprpaioutumu c HecomHeH- 
OCTbIO Ha Ka3aHCKHii Apyc. — 

Takum o6pa3om, K BOCTOKY OT palioHa pa3BUTHA TramorenHEIx *auul KyH- 
ypa ycTaHaBjuBaeTca OOacTb UX OTCYTCTBHA B BepXOBbAx p. Ileyopnl, Tak 
pKE KaK HM YPMMCKOM CBUTbI, MOCKOJIbKY Ka3aHCKHM Apyc JIOMKMTCA Ha apTHH- 
ckNe OTNOxKeHHA Ha MumimapMe vu, BO3MO%KHO, BbIKJMHuBaeTca B MaprucKkom 
BanOBeHUKe, Te TaTapCKMH Apyc samerael Ha aPTMHCKHX OTOMKeHUAX, CYA 
MIO IIpHBeXeHHOM BEILe PayHe aHTpaKko3sH]. 

/ “CepepHee uw ceBepo-3anagqHee cpequHero TeyeHua p. Ileyopn, y r. Tpouuxo- 
[leqopcxa, Ha pp. Bembio u Aliiopa, Mo KpaCHOWBeTaMM BCKPBITHI JOJIOMHTEL. 
1B MX BepxXHeH 4acTH, Ha p. Bewbio, Ha rayOuHe nopsntka 720 mM, u 1oxuHee, 
#B CKBaxKUHe Ne 154, 8 80 KM HuxKe r. TponuKo-Ileyopexa, na yuacrKe [loxua, 
Holipeyenent: Pseudomonotis elegantula Netsch., Netschajewia tschernyschewi 
Lich. u Edmondia nebrascensis Gein. n Pseudobackewellia ceratophagaefor- 
ES Noinsky. Ha p. Afttopa, B Bepxax pa3pe3a KapOoHaTHBIX OTIOKenuH, Nod 
}KPacHOllBeTaMM BCKPBITHI TakMe 2Ke JOMOMMTEI M C Tako %Ke PayHoll nenenn- 
|MOX, cpequ KoTOpol ompeyenenp c ry6un 256 u 348 mM B pa3HbIX CKBax%KHHAaX 
} Schizodus rossicus Vern., Netschajewia tschernyschewi Lich., Plecuropho- 
tus oblongus Meek et Hayd. Pseudobackewellia ceratophagaeformis Noinsky. 
| ocnemuas, KaK M3BeCTHO, Tak 2Ke Kak H BBIWeNnpHBeeHHbI Bu PSeudomono- 
His, XapakTepH3yeT HCKJIOUMTeEIbHO OTJIOXKeHHA Ka3aHCKOrO Apyca. 

| Ene cepepHee HW CeBepo-3anayHee Ha p. Jlembio 4 B paltone J. Yectp-Llaabmpr 
)CKBA2KMHbI BCKPbIWIM OTJOKeCHHA TaTapcKoro sApyca. 

B a. BepxoscKol, pacnouloxeHHOk B palione 4. Ycrb-LuabMbl, Wpusterato- 
ieM K cpeqHemy TuMaHy, B CKBa%KHHaX BCKPBITbI OTJIOKeCHHA TaTapCcKOro Apy- 
Ca, JexKaljue Mo 10poli MU, MOXeT ObITb, TpHacoM. Syecb B HH3aX paspesa (cKBa- 
xuna No 10, ry6una 450—590 m) o6napyxKenpr octpakoynr: Volganella lae- 
vigata Schneid., V. sp. Placidea lutkevichi (Spizh.), P. mesotuberculata 
Schneid., Darwinula sp. sp., Darwinuloides sp., a Taxxxe mommocku: Anth- 
raconaia cf. iljnskiensis (Fed.) 1 A. subparallela Chalf. 

Bepxnu paspesa (ckBaxkuna Ne 10, rryOuna 253—382 mM; cKkBaxuna Ne 7, rury- 
6una 337 M) XapaKTepH3yioTCa MpucyTCrBHeM Oosbiworo KoAMYecTBa Sinusuel- 
j\la ignota Spizh., pexe scerpeyarorea Sinusuella ex gr. vjatkensis (Posner), 
Datwinula sp. sp., Darwinuloides sp. 3yecb 2xe mpucyterByror: Estheria elon- 
gata Netsch., Palaeomutela sp., Oligodon zitteli Amal. 

B ckpaxkuHax pationa p. Jlembio HaMH MUKpodayHUCTH4eCKM OXapaKTepu- 
Z0BaHbI HW2KHeTaTapcKHe OTNO2%KeHUA. B paspese CKBa2KUHBI KC-2, Ha TayOuHe 
509—604 m, BhInBmen GoraTHit KommseKc ocrpaKoy: Placidea mesotuberculata 
Schneid., P. lutkevichi (Spizh.), Volganella laevigata Schneid., Darwinuloi- 
‘des sp., Darwinula sp. sp. Ms mommockos onpegesenst: Anthraconaia Hjnskien- 
Sis (Fed.) A. subparallela Chalf. . 

Mexpy pp. Bempro u Tleyopoli 8 ckBpaxuue Neo 182, Ha rryOuHe 744 M, BcTpe- 
YeHbI HH2KHeTATapCKHe OTJIOKeHHA C MACCOBbIM KOJIMYCCTBOM Placidea lut- 
kevichi (Spizh.) a Darwinula sp. ; 

Bepxu TaTapcKoro apyca oXapakTepH30BaHbl B STOM PaHOHe B CKBaxKHHE 
No 184, c rayOnxofi 130,6 m, mpencrasutenamu Buga Sinusuella ignota Spizh. 
IpekpacHouw COXpaHHOCTH. 

Takue xe 6JIM3KHe B BUJOBOM OTHOMICHM KOMMJI€KCbI OCTpakO4, HO Oovrlee 
OoraTEle MO KOJIMYeCTBY BUOB, H3BeCTHEI JIA BepXHe- H HMKHETATaPCKUX OT- 
Joxennit Pyccxo maarhbopmpt. Henoutnoe Tox eCTBO STHX KOMIVJICKCOB, MO- 
BHIMMOMY, OOYCIOBIeHO (allWaIbHbIM PasJIMUHeM STHX Pa3spe3OB. 

OG6uapy2KeHHbI B HU3aX paspe3a XapakTepHbIM BU poja Placidea Placidea 
mesotuberculata Schneid. u3BecTeH “U3 pxAa paspe30B HHKHETATAPCKUX OTJIO- 
xeHuii Cpeqnero Tumaua (pp. Jlyn-Box, Xynaa, lO. JIppxa) uw cyxoncxoro 
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ropu3oxta ToppKoscKoro HosomxKbs. Bug Placidea lutkevichi (Spizh.) mupoxip 
M3BeCTeH B HH3aX TaTapcKoro Apyca PyccKow nmuaTdopMbl UW B BbILWe- H HUKeF 
@KAILMX OTIOMKeCHHAX He OOHapyxeH. Sinusuella ignotta Spizh. xapaxtepu} 
3yeT CoOOl BePXHIOIO YaCTb TaTapCKOrO Apyca WeHTpasbHBIX OOMacTeH PyccKoi} 
naaTpopMbI, Oaccelina p. Batxu u gp. (*,?,°). B toxKHOo YacTH TeppuTOpHy toro | 
pocrounoro I[Iputumanpa B cKBaxuHe Ne K-365 c ray6unp 170,3—176,5 1 
onpeyemenbt Estheria elongata Netsch., E. kobozevi Lutk. u Cornia melliculur} 
Lutk., xapakrepu3y1oujue Bepxu TaTapcKoro sapyca. Hap. B. Jlaras CKBaxkHH | 
Ne 170 c rayOunpt 403,7 u 405,2 m onpegenentt Palaeomutela cf. subovali} 
Amal. u P. rectodonta var. recta Amal., taxxe xapakTepusyloulue mpeumy{ 
I€CTBEHHO TaTapCKHH sApyc. 

BerpeyeHuble HaMH B BBIIMeCYNOMAHYTHIX paspesax toro-BocTouHoro IIpu 
TuMaHba Buget Darwinula He6ombuloro pa3Mepa uM MuIoxoH coxpaHnHoctu. Hs} 
BeCTHO, ¥TO IpefcTaBuTetu pofa Darwinula xapaxTepu3y1oTca riaqKuM cTpoe} 
HHeM PaKOBMHbI HM ABJIAIOTCA OYCHb TPYAHbIM OOBEKTOM JIA H3yYeHHA. OcobenHiy 
3aTpyMHAeT UcceqoBaHve 9TOK *ayHbl ee YacTaA MIOXad COXPaHHOCTb HM He} 
6ouIbluve pasMepbI. B nocueqHeM Ciyuae [WIA U30e2%KaHHA OWHOOUHBIX BbIBOZO 
HeEOOXOJMMO MOAXOJHTb OCOGeCHHO OCTOPOXHO K ONpesedeHuIO BUAOB STOTO pofa} 

Ha 10ro-BocTOuHOM CKJIOHe 10X%KHOrTO TuMaHa BO3pacT OTJIOKeHHH TMecTpo} 
IBeTOB Ha OCHOBaHHH TviaqKuX lapBHHYJIU WIOXOH COXpaHHOCTH He MO Ke 
ONpefeATbca O6e3 MpHBeseHHA MpHCyTCTBylouleH CbayHbI CK YJIbMTHpOBaHHBl? 
ocrpakoy. Hasnune B 3TUX OTMOXKeHUAX Bua Sinusuella ignota Spizh. u 6omp! 
WOro KosMUeCTBa MpefctaBuTesel poga Placidea cpuyerembcTByeT O HeCoM! 
He€HHOM MpHWHalvexKHOCTH UX K OTJIOXKCHHAM TaTapcKoro spyca. Kpome Toro 
TaTapCKHH BO3pPacT 9THX OTOMKeHHH NOATBepxKMaeTCA HaxXOKaMM Bbillenepe 
YHCICHHBIX BHOB aHTpako3uq u dustonoL. 

IIpupeyeHHbI MaTepHadl MOKa3bIBaeT, YTO B loro-BocTouHOM [IpuTumauHbe! 
B OTUMuHe OT loro-3anaqHoro IIpuTHMaHba, OTCYTCTBYIOT KpaCHOLBeTHBIe OT’ 
JIOXKECHHA YPHMCKOH CBUTbI HWKHeEM MepMu. ITO ye OTMeYasOcb (4,5) u cBa3aHC 
WIM C HeMPePpbIBHbIM CYI[eCTBOBaHHeM HH2KHe-H BepXHeMepMCKOrO MOpcKOrc 
OacceliHa Ha ceBepo-BocToKe Pycckoli muaTPopMbl, WIM C OTCYTCTBHeM 37eCE 
YCIOBUM JIA O6Opa3s0BaHHA yPMMCKHX KpaCHOUBeTOB. Takue YCIOBUA ObIH Osa- 
TOMPHATHBI TOJIbKO B €€ ICHTPaJIbHBIX OOMACTAX B KOHMe HWKHEMepMCKOH SMOXH. 


Tloectynuso 
6 XII 1957 
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Joxrnagn Arayemun Hayk CCCP 
1958. Tom 120, N: 4 


TPEOJIOTHA 


A. Jl. MAKJIYXO-MAK JIAM 


O APYCHOM JEJIEHHH MOPCKHX MEPMCKMX OTJIOKEHHMY 
IO)KHbIX PAHOHOB CCCP 


(IIpedcmasaexo axademuxom JI. B. Haauekuneim 13 I 1958) 


Vsyyenne pa3vIMuHblxX (payHHCTHYeCKHX Tpyn nepMM MOKasbIBaeT, YTO OT- 
OEHHA STOTO BOSpacTa Ha 3eEMHOM Ulape (POPMHPOBAJIHCh B TPeX pPa3/IMUHbIX 
pooreorpaduyeckux oOOacTAx: CuOupckoH, KasKxascxoi u Ascrpamniicxon. 
Pompmoii 3aCJIYTOH OTeYeCTBEHHBIX TeoOrOB Obiia paspadoTKa Apycuot Ouo- 
bTpaTurpaduyeckou Wkaibl B Mpesemax Pyccxo-Esponelickol 30oreorpadu- 
Jeckoli mpoBuHunu (Cu6upcKasx 300reorpaduyeckan oOsacTh). Heo6xoxumo 


WKOHCTaTHpOBaTb, 4TO NOAOOHOe pasemeHHe OTCYTCTBYeT Kak JIA KapKascKolt, 


orMueckoro Npoduia, MpoBeseHHbIe Ha lore CCCP, no3BoulsioT B HacTosiee 
BPEMA IIpOH3BOAMTb KOPpeJIAMHIO M€PMCKMX OTJOKeHHH Ha BCell TeppuTOpuu 
oT Kppima Jo Yccypulickoro kpas, a CleOBaTEIbHO, NOCTATOUHO CO3pedl BOTIPOC 
0 BbIPaOOTKe APyCHOrO AeseHHA WIA STON OOMacTH. HackoOJIbKO H3BeCTHO, Nep- 
MBYIO IIOMbITKY COMOCTaBHTb BCe Ne€PMCKHE OTJIOXKCHUA IOMKHIX PAaHOHOB Hallet 
: Tpaubl HW CoceqHUX C Helo rocyfapcTB coenan T. A. JlytKesuy (?,?). B sto xe 
iBpeMA Coulee OOULMe COMOCTAaBeHHA OOPas0BaHul TepMCKOM CuCTeMbI B MUpO- 
‘BOM MaclliTade mpeznpuHamu U. Wyxepr (*°), K. Ten6ap (**) u B. K. JIuxapes 
(3). B nocnemuve rofbl y HaC HeKOTOpbIe UCCeELOBaTeIH MpOBOAMIUM KOppeIs- 
IMIO TOL, MepMM Ha pasJMUHbIX OOWIMpHbIX TeppuTopuax (4,5,1°*%). B 1946 r. 
Tomncony (1°) yqanocb BLIABHTb COOTBETCTBHe (Py3YJIMHOBbIX 30H MepMu B 3a- 
Nawuom u BocrouHoM MouyiwapHu, pu STOM OH ONMpaJICA Ha MaTepMaJIbl U3y- 
yeHHA TeTH¥ecKHX cbopM. AHasIHu3HpyA aHHbIe pasJIM4YHbIX MCCIeLoBaTelen, 
a TakxKe pe3yJIbTaTbl HeaBHHX paOoT aBTopa Ha Boctounom Ilamupe moxHO 
|MpHuTH K CeLyIOllHM 3akI0VeHHaM. B OTIO%KeHHAX HUAKHEMePMCKON SNOXU WIA 
iBceli TeppuTopuu KapKxa3cKoli sooreorpaduyeckou o6lacTu oT BatKkan u Ma- 
| 10% A3uu Ha 3anaye u Jo Anonuu Ha BOCTOKe HaMeuaeTCs CeLyoulaA CMeHa 
| by3yMMHUOBbIX KOMIIJIEKCOB: HawOoJIee HU3KOe CTpaTurpaduyeckoe MouowKeHuve 
| 3aHMMarOT csIOH C Schwagerina s. 1. Onw nocTemeHHO CMeHAIOTCA CJIOAMH, B KO- 
} TOppIx yKe NOABJIAIOTCA MepBble HavOouee NPUMUTMBHbIe MpeCTaBUTeJIM BBIC- 
wx dysyiuuuz: Eoverbeekina, Brevaxina, Misellina. 

B CCCP nanG6osee m0uIHO BbIPaKeHb! HW HanOovlee MOIHO PayHHCTHYeECKH OXa- 
|/pakTepusoBaup clon c Schwagerina B xp. Kapa-Uartbip, H nNosToMy OHH Nodly- 
UHM HaMMeHOBaHHe KapayaTEIpcKoro ropu3ouTa (°). Bowee BpicoKue culon 
HUKHeM MepMH Ha tore CCCP HaWOosee XOpOllo OXapakTePpU3OBaHb! B Jlap- 
Base, Ilamupe uv 3aKkaBKa3be, aHaJlorM MX MMeIOTCA B YCCyPHHCKOM Kpae HM 
|B Ccamoe MocleqHee BpeMsl BEIABIeEHbI B Kopaxckom Kpsxe (7). IlockoubKy 9TH 
oOpazonanua B Jlappase umeror HanOolee OTUETIMBHIe TpaHulbl H dayHucTuye- 
CKH OHH ABJIAIOTCA HaHMOomee M3BECTHBIMH, MO-BUMMOMY, PalHOHAJIbHBIM AB- 
JIA€TCA UCMOUIb3OBaHHe TepMUHAa, B CBOe BpemaA Mpeoxennoro I. A. JlyrKe- 
BHYeM,— JapBascKasd CepHA — apBasCKHi TOPH30HT. XOTA B OTICNbHBIX CIly- 
Yaax yCTaHaBJIMBaeTCA KAKOe-TO COOTBETCTBHE YACTH PaspesOB kapauvaTbIPpCKoro 
WM MapBasckoro TOPpH30HTOB CakKMapCKOMy spycy (Anonua, Kuta, Cpequaa 
Asus) u apTuuckomy spycy (Ilamup, Kutaii, Tamop), B Wesom xe culeqyer IIpu- 
3HaTb, UTO OOLEMbI STUX NOMpasseseHul pe3skKO He COBMaaloT: KapavaTbIPCKUu 
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TOPH30HT 0 OObeMy Oo/IbIIe CakMapCKOro Apyca, a JapBascKunt HeCOMHEHH 
OXBaTbIBaeT BePXHIOIO YaCTb apTHHCKOTO Apyca, KYHryPCKHH HU, BOSMOXKHCH, 
yobumekult spycnl. YuuTpiBad pasmune (bayHHCTHYeCKOM XapakTePHCTHKU HAG, 
Hell nepMu B CuOupcKol u KaBKascKol 300reorpaduyeckux oOlacTaAxX HW HE}. 
COBMaJeHHe B HUX 3TANOB pasBuTUA (ayHbl, BANMMO CJleqyeT MPHHATb Kapayes. 
ThIPCKHH Ww WapBa3CkH TOPH3OHTbI B KaveCTBe APyCOB B Mpemesax Kapkach. 
cKolt 300reorpatpuyeckolt O6mactu. B BepxHenepMCKMX OTVIOX%KeHUAX B HAaHOc} 
lee M3YYeHHEIX palionax CCCP (Ces. Kapxa3, SakapKasbe u Ilamup), aTakx 
3a pyOexom (fOrocaasus, Mngo-Kurait 1 Anowua) naGmogaerca Takan Nocrene 
BaTeIbHOCTh opaMHHu(pepoBbIX KOMMJICKCOB: BHH3Y TOPH30HT C BBICIIMMi) 
cby3yMHuJaMu HW BBepXy TOPH30HT C MeKUMH (opaMuHudepaMu, TaBHBre, 
o6pa30M JlareHuaMH HW MeIKUMM (y3yJIMHu amu. i 
TopusouT c BbIcIuMMH (by3yMHAaMM B HeEKOTOPbIX palOHax AeHTCA HH 
Ba Mo_ropu30nTa: uwKHUM Moxropu3ont c Neoschwagerina, Afghanelldg 
Verbeekina, Sumatrina, a B HekoTopHIx cy4aax u Polydiexodina u Bepxun® 
nmogropusontT c Yabeina u Lepidolina. 
B Bocrounom Ilamupe 06a ropu30HTa BbIpaxKeHbI OUCHb YETKO B paspesa ye 
ypouuma J[xKamau-Taa u oppara Kyramb (crpatorunpt). Jia 3THAX TOPH3OHTOR 
Mmpeqlararorcsd clekyioulHue HAMMCHOBAaHHA: JIA MepBoro—MypraocKHH, Wid BCH 
poro — namupcKkui ropusontT. Ilo cBoemy oObemy HM pacMpocTpaHeHHio0 OHH 
M0-BUIHMOMY, IPeBOCXOMAT APYCbI KA3aHCKUH M TaTapCKHH B upeyentax Cudupy 
ckoH s300reorpaduyeckoh o6mactu. Mypra6ckua ropH3s0HT pacnpoctpane® 
B Ces. Adpuxe, 3an. Eppone (Cunuaua, fOrocmapua, Dpeuua, Kppi), Asna 
(Kasxa3, Manaa Asua, Ilamup, Adranuctan, Kuta, Mago-Kurau, Yee 
pulickul Kkpa, Anouua) u 3anaquHou uactu Ces. Amepuxu. Ilamupcxuk ropu 
30HT BBIABJICH C GOMbIUOH OTYETMBOCTbIO MOKA JIMUIb Ha TeppuTopun CCCP He 
KapKa3e, SakaBKa3sbe, Ilamupe u JlapsBase, a Takxxe B YccypuHlickom kpae 
YunTbiBad CTpaTurpaduyeckul OObem OOOHX TOPH30HTOB, HX WIMpoKoe pacnpo} 
cTpaHeHne H YeTKYIO (ayHHCTHYeCKyIO XApaKTePpHCTHKY, ITH TOPH3OHTHI clelyey 
CUHTaTb PaBHOIMeCHHbIMH sApycamu. 
Alapspasckuuw aApyc Hw KHeH NepMH HauHHaeTCA MOMLHOM HeEMOIM 
TOMMeH YePHbIX aCIMAHBIX ClaHeB (Ga3apfapuuckan Toma I. Jlyrkepuya)'® 
Mepexolallad BBepX MO paspe3sy B CaHIeBy!o cepuio (KyOepraHqMHCKad TOMA 
Pr. A. Jlyrkepuua), collepKalllyio 3HauvTebHOe KOJIMYeCTBO MpocsoeB WeTpH 
TOBbIX H MHbIX H3BeCTHAKOB. B 9THX NOpoyax B HWKHeH YacTH Obl yCTaHOB 
JICHbI Clenylouue copamunudepy. Py3synunuzn: Nankinella sp., Hayasakainé 
sp., Neofusulinella nana M.-Maclay, N. aff. lantenoisi Dep., Neofusulinell2§ 
sp., Pseudofusulina mengi Chen, Ps. ambiqua Dep. var. pursatensis Giib. 
Ps. bactriana Dutk., Ps. watanabei Lee, Pseudofusulina sp., Parafusu'al 
lina aff. japonica Gimb., Brevaxina sp., Misellina cf. claudiae Dep.'|8 
Misellinasp., Armenina sp. Menkue dopamunudeput: Lasiodiscus aff. irregula 
ris K. M.-Maclay, Tetrataxis ex gr. corona Cush. et Wat., NodoSaria cuba: 
nica K. M.-Maclay, Pachyphloia aff. lanceolata K. M.-Maclay u T. 2. } 
B Bepxuel “actu ompeyeneubt creqyioume dopmpr. Py3synnungzy: Nanki: 
nella sp., Neofusulinella nana M.-Maclay, Neofusulinella sp., Yangchienia cf 
iniqua Lee, Y. pamirica M.-Maclay sp. nov., Russiella cf. pulechra M.-Mac-4 
lay, Minojapanella cf. elongata Fus. et Kan., Pseudofusulina sp. sp., Chuse- 
nella pamirica M.-Maclay sp. nov., Parafusulina Sp., Paraverbeekina sp.}' 
Praesumatrina sp., Armenina pamirica M.-Maclay sp. nov., Cancellina sp. 
Menxue dopamunudepn: Tetrataxis ex gr. corona Cush. et Wat., Pachyphloiat 
paraovata K. M.-Maclay, Parapachyphloia cf. adducta K. M.-Maclay, Capi- 
dulina pamirica M.-Maclay sp. nov. u 7. 2. oy 
f B 9Tax 2xe oTmoxeHHAX No COopam [. A. JlyrKesuua, O. TyMancxas onpe-{ 
qeiua aMMOHeEH apTHHCKOoro Bospacta. K nojo6Homy Ke BEIBORY mpumen 
. PyxkenueB Ha OcHOBe H3y4eHHA amMoHeli cCOopos B. J[pouosa. ! 
Jlappasckuit spyc OOHaxeH BO MHOrHx Mectax B Boctounom Ilamupe:} 
p. Basap-J[apa, Ky6epranga, Kapa-Cy u ap. Ero uenomuas momuocts,! 
M0-BUUMOMYy, MpestiiaeT 1000—1500 m. 1 
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MypraOckuil Apyce Bepxnei mepmu oOnluHO HauMHaeTca IacToM 
SBECTKOBBIX I€CUaHHKOB, BbIINe KOTOPbIX SauleraeT Toma, MpekcTaBseHHad 
aHllaMH, MepecaMBalouluMuCA C M3BeCTHAKaMM. B Hu xKHeH YaCTH Cant 
MeIOT Pa3JIM4UHbIM COCTaB, B BepxHel — mpeoOmayarrT Kpemuuctple. Eure peruse 
fio paspesy paciipoctTpaneHbl (buoneTOBO-seNeHbIe KPeMHMCTbIe CaHWb 6e3 
CAKHX OpraHHveckuX OCTaTKOB. BenyaeTca mourn noBcemecTHo Ha BocTouHoM 
Ilamupe pa3pe3 MypraOcKoro Apyca MaCCHBHBIMU, OObIYHO KOHTsIOMepaTOBHI- 
BIMH H3BeCTHAKaMM. HyrKHAA rpanulla MypraOcKoro sapyca reomormuecku 
pipeleAeTCH MOBOJIbHO MPOCTO MO MaCCOBOMY MOABJICHHIO M3BeECTHAKOB 
j} paspeze (Hauano TpancrpeccuBHOro puTMa), BepXHAA %Ke — 0 KpoBse KOH- 
IOMCPpaTOBHAHbIX H3BeCTHAKOB, (POPMHPOBABIUMXCA B YCJOBHAX HeKOTOPO 
berpeccuu. B paspe3e MypraOckoro aApyca MMeIOTCA Be (bayHUCTHYeCKHe 30HEI! 
HMKHAA C HEOLUBAarepHHaMH HW NepBbIMH CyMaTpHHaMn (MOULHOCTHIO Govlee 80 M) 
BCPXHAA, C TEM Ke, HO OOCAHEHHBIM KOMMIeKCOM (opm (Gos1ee 90 m). O6maa 
OWHOCTb Mypra6cKoro Apyca nopsqyka 200—300 m. Mypra6cKxomy spycy co- 


gpeHckad WU KapaCHHCKad TOMLIM CTpaTurpaduyeckou cxemp I. JlyrKepuya. 
Komnuiekc (bopamunudep Huw xKHel dayHucTuyecKoH 30HBI Mypra6cKoro 
HHpyca crexyiwomnh. Py3synuaugzy: Nankinella cf. minima M.-Maclay, Leella 
ef. bellula Dunb. et Sk., Neofusulinella sphaerica M.-Maclay sp. nov., N. sp., 
pPseudofusulina Sp., Brevaxina pamirica M.-Maclay sp. nov., Paraverbeekina 
pponitica M.-Maclay, P. ex gr. pontica M.-Maclay, Armenina sp., Neoschwa- 
Werina sp., Sumatrina pamirica M.-Maclay sp. nov., S. sp., meaKue cbopamu- 
handeprt: Rectoglandulina sp., Geinitzina cf. ovata Lange, Pachyphloia pa- 
taovata K. M.-Maclay, Spandelina aff. tumida K. M.-Maclay, Pararobuloides 
Sp. etc. 

B pepxueli (bayHucTuyeckoli sone BCTpeyaioTca cby3ymuHudH: Reichelina 
p., Neofusulinella sp., Codonofusiella sp., Minojapanella sp., Pseudofusulina 
x gr. kraffti Schellw. et Dyhr., Ps. sp., Parafusulina sp., Paraverbeekina sp., 
Neoschwagerina sp. Sp.; memKue cbopamunudepp: Climacammina Sp. sp., 
[Cribrogenerina sp., Geinitzina pusilla Grozd., G. tcherdynzevi K. M.-Maclay, 
\Pachyphloia gefoensis K. M.-Maclay, P. cf. robusta K. M.-Maclay, Para- 
jpachyphloia sp. etc. 
| TIlamupckut Ap ye HauMHaeTcA NayKOl PuOeTOBO-3e/IeHbIX KPeM- 
|HMCTbIX CIaHIeB C HeOOJIbINMMM MpOCIOAMM H3BeCTHAKOB C (bopamMHudepamH. 
‘BepxHaad uacTb paspesa OOpasoBaHa pa3AMUHbIMH TeppHreHHbIMM Nopo,amu, 
‘NeEPeNYIOUMMHCA C MOKPOBaMH MOpPupuvToB M BYJIKaHOFeHHBIX OOpasoBaHUul U 
OTHOCHTEJIbHO TOHKHMH MpOCJOAMHM JeETPHTOBbIX H3BeECTHAKOB. B paspese ypo- 
yuuja JjKaMaH-Taal O¥eHb XOPOIO BUAHa HHXKHAA WM BeEPXHAA FpaHubl STOTO 
sapyca. HuxHaad ompeyemnetca HaleraHHeM TeppHreHHBIX TOJILL Ha CBATY KOH- 
TJIOMepaTOBAHbIX H3BeCTHAKOB MypraOcKkoro Apyca, a BepXHAA — Mo Havle- 
TaHvi0 6a3a/IbHbIX CwloeB TpHaca. MouHoctb B Boctounom Ilamupe Oosee 
300 m. B ypounuse JIKamanTad B Moposax sToro BOspacta ObIIM ONpeseeHbl 
(by3ynuunssr: Reichelinacf. media K. M.-Maclay, R. mirabilis Dutk.; meaxue 
(bopamuuudepn: Tuberitina sp., Glomospira sp., Agathammina sp., Hemigor- 
dius sp., Globivalvulina sp. nov., Tetrataxis sp., Nodosaria sp., Pachyphloia 
sp., Geinitzina sp., Colaniella sp., Robuloides sp. nov. Bepxuaa uacTb paspesa 
tbayHucTuyecKH He OXapakTepH30BaHa. IlamupcKHH Apyc COOTBeTCTByeT ky- 
TaJIbcKOH uM TaxTaOymaKckohH cButam IT. JlyTKepuya. 

Ha6sm1oad u3MeHeHuaA B KOMIVIeKCax PopaMHuHUdep B MOPCKHX paspe3sax 
BepXHeli MepMH CeBepo-BOcTOYHOM CuOupH M 1OXKHBIX OOMACTAX (KaBxas3, Ila- 
MHp) MO2KHO YTBep2KaTb, YTO HECMOTPA Ha ACHO BbIParxKeHHble TeMMepaTypHbIe 
pa3sIMuuA B OopeabHbIX MOPAX CHOMPCKON HM TEMVIBIX OacceHHax KapKka3cKou 
30oreorpaduyeckux o6ulacTel, TeM He MeHee OOUIMM XOM| U3MCHeHHA (bopamMuHn- 
dep wen B OJHOM HanpaBJeHHH — CMeHbI (Py3yIMHUAOBOK aCCOWMallHH Jla- 
renugosol. Py3syAMHHAbI B OOJbUIMHCTBE CJIy4YaeB HCY4e3IM MONTH Ha FeOJOrH- 
yeCKHH BeK paHblle KOHIa MepMCKOrO NepHoOsla H MOSTOMY MaJIO BepOATHO Ha- 
XOxKMeHHe HX B TpHace. OueBuHO rHOedb (bysyuHHA B TeTuce M CMeHa HX Ja- 
177 


| 


12 Z3axas 296 


Ta6Oauna 1 
a 
Topusont c Lagenidae mM wHOrfa C MeJIKHMH Ih 


Ps | Tlamupcxul apyc Fusulinidae (Reichelina) u ap. 1 
ps | ypreGeaene dai Rao Es! Afghanella, Suma- d 
rt | amnocan ve | TOpmEEE Tau = nn soca 
PL | Kapacararcart ye een ie ee Barling | 
S JlactapcKHi ropu3sout | Topusout c Pseudofusulina 
G |#8 
a * Yu6yaaxckui ropusoxut | Topusont c Triticites 
CS BepxHu mMockosckuit apyc | Topu3out c Fusulina u Fusulinella 
e Hwkuu MocKkoscKuH sapyc | Topu3out c Profusulinella u Eofusulina 
et Baukupexuit apyc EES rr c Pseudostaffella u nepppimu Profusu-|@ 
Hamiopexnit spyc eet okpyrapimu Eostaffella u Asteroarc- ' 


reHHaMu Kak B CuOupcKol, Tak u KaBKa3cKolt o6acTaXx Oba CBA3aHa C O6- 
IMM MOHH3KCHHEM TeMMepaTyp MOPCKHX BOX B MHPOBOM OKeaHe. 

Cxema Ouoctpaturpaduyeckoro nospaszeleHua BepXxHero Maeo308 Cpenue 
A3HM MOXeT ObITb NpecTaBseHa B cHegxyioulem Bue (Tan. 1). 

Ilupokoe pacipoctpanenue cbayH cpequero KapOoHa nosBomseT mpon3Bo- 
AMTb CONOCTABJCHHA COOTBETCTBYIOUIMX OTJIOKEHHH Ha OFPOMHBIX MolWalax 
M MIpHMeHHTb K Cpegquel Asun oOulue cTpaTurpaduyeckue noxpasyenenna (EF 
B M032HeKaMeHHOYTOJIbHOe BPeMA BO3MOXHOCTH KOppenAuHit cTaHoBATCA 
Oomee orpanuyenubimy (4-8), H NOSTOMY HeMb3A elle CKa3aTb, B KaKoli cTeneHH 
TOPpH30HTHI BepxHero KapOoua CpegHeli Asun cooTBeTcTByioT spycam, mpemma-) 
TaeMbIM JIA eBponevcKo yactu CCCP. B nepmcxkoe xe Bpema cbayHucTuyeckue 
pa3zimuua B CuOupcKolt u KaBKas3ckolt o61acTax CTaHOBATCA HaCTOMbKO OTMHY-4 
HbIMU, UTO MOABJIACTCH HEOOXOAMMOCTh B BBIJeJICHHH OCOOBIX APYCoB. 


Jlenuurpagckuis rocyapcTBeHHblii YHuBepCuTeT Iloctymusto 
um. A. A. )KqanoBa 8 I 1958 


UMTHPOBAHHAS JIMTEPATYPA 
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Hornaaygo Akagemunu nayrx CCCP 
1958. Tom 120, Ne 1 


TEOJIO‘H A 


A. B. MAHEPBUH 


O BOSPACTE MH FEHE3HCE NOKPOBHDIX OTJIO)KEHHH 
TOMbeK OJIBIBAHCKOH 30HbI 


(ITpedcmaeaexo axademuxom He M. Cmpaxogeim 10 I 1958) 


Bompoc o crpaTurpaduyeckom Nosio%KeHun M MpOMCXOKeHHU JIECCOBBIX MO- 
POA SanaqHol CuOupu, clararoulux BepXHve TOPH3OHTbI PeyHBIX Teppac Hu O6- 
| PAS YIOMLUX NOKPOB BOAOPa3sAeJIOB HW CKJIOHOB, AO CHX Mop He pele. IlokpoBunie 
} weccoBnyunie OTMOXKeHHA SarlayqHo-CuOupcKoli, HH3MeHHOCTH ONpexemauuCch ('), 
HKaK SOJ1OBbIe (B. A. O6pyyes, 1933 r., A. MW. Mocxsutun, 1940 r.; H. H. Co- 
fxoN0B, 1935 r.), nosuoBoqHO-neqHuKoBbie (M. H. Haropcxnii, 1941 r., B. B. 
| ee 1952 r.), anmoBHambubie (B. ©. Terpos, 1937 —1946), nemosuanb- 
HHO-SIOBHasbubIe (JI. A. Parosuu, 1936 r., E. B. Wymuaopa, 1934 r., A. HW. 
I Tyces, 1934 r.). Sto o6cTosTesbcTBO NOGyKLaeT HAC OCTAHOBUTbCHA Ha TeHesuce 
WH BO3pacTe JIeCCOBBIX NMOpoX MoKpoBHoro KOMmMseKca Tomb-KovwipancKol 
scHpl. B 1954—1955 rr. aBpTop mpHHuMas yuacTHe B MHXKeHEPHO-reosIorMyecKHX 
HCCIEOBaHHAX Mo NowMHaM p. OOu (oT c. Boponoso Yo ycTbha_ p. Tomu) u p.| 
'Tomu (ua oTpeske cr. IOpra-ycrbe). PesymptaTbt MoueBbIX H a6opaTOpHBIX: 
HCCIeEOBaHHH MocIyXUIM MaTepHaJIOM JIA HaCTOAUIero CoOOMeHHA. OCHOBHBIM 
|HTOTOM paOOT ABJIAeCTCA BbILeNeHve B JeCCOBOH TOJIILe BOSPaCTHbIX H TeHeTH- 
‘YeECKHX Pa3HOBUAHOCTeH. ITH pa3HOBUAHOCTH MpefcTaBseHb! B Tabs. |. : 
| IlokpoBHbe OTHOKeCHHA CpeRHenmenhcCTOMeH OBO- 
Tro Bo3pacTa. B page ecTecTBeHHbIX pa3pe30B kKopeHHoro I IpuHo6cxoro, 
| u1aTO (c. BopoHogso, noc. Sao6ckun, i. Yptam, c. KoxeBHHKOBO) HaOs0faerTca, 
a3aleraHve NOKPOBHEIX OTJIOXKeHHM Ha THNMUHO aJJMOBMAJIbHBIX HW O3€PHBIX N0- 
powax cpelHemelicToueHOBoro BO3pacTa, OXapaKTepH3OBaHHbIX dayHHCTHye-, 
Wcku wu mameodotannuecku (},”,°,°). Halimennad coTpyqHuKamu 9KCMeg_MuMH cba- 
iyHa Mo3BoHOUHEIX (onpegemeHue A. HU. Jy6pozo, 1955 r.) xapakTepu3yeT BO3- 
|pacT MOKpPOBHbIX OTJOKeHHH, Kak KOHEILCpeqHero, HavaJIO BepXHero MvelicTo- 
mea. 
| Tpanymomerpuyeckuit cocTaB aJlJOBHaJIbHbIX H MOKPOBHBIX OTJIOXKeHHH U3-. 
|MeHsAeTCA Mo paspesy: CHHSY BBEPX MPOHCXOANT YBeMMUCHHE COMep2kaHHA MK 
WHMCTEIX “actu (<1 uw) oT 12—16 yo 28—386% u coOTBeTCTBeHHO YMeHbIlaloTCA 
i ecuaniie (2—0,05 mm) oT 20—28 no 10—11%; mpu 9Tom coqep2kaHHe YaCTHIL 
MbieBaTol (bpakUWH OKAaSbIBaeTCA JOCTATOUHO BHICOKHM UH MOCTOAHHBIM (OKOJIO 
155—60%). Munepasoruyeckui KOMMIeKC IIMHMCTOH pakuHN cpesHeyeTBep- 
THYHBIX MOKPOBHBIX OTMOKeHHH XapakTepusyeTcA MpeoOMalaHHeM MOHTMOPHJI- 
| IOHUTA HW CHJIbHO OalieIMTH3UPOBaHHbIX THApocsiol; HapsALy C HMMM B KayectTBe 
JHCSHAUHTEIbHOM MpHMecH cosxep2xKaTCH XJIOPHT, OMOTUT, KBapll HM MOvIeBbIe 
warp. 
Tlokpopuble OTO*KeHUA CpefHero MelicToweHa, C/laraioulMe BepXHue TOpHu- 
30HTE! Tomb-Sfickoro Bozopa3yema (c. ApcKoe, c. Konmaposo, «Cunuli Ytec»), 
IHeECKOJbKO OTMMUAIOTA OT BHICOMMCaHHEIX MO TpanysomerpwuecKkomy cocTaBy. 
1B HHX MOBBIMeHO Cosep2%KaHHe Necyanok ppakyHu (36—56%) u, Kak MpaBuso, 
WHaGmoaerca yMeHbuleHHe rauHucToH dpakuuu (6—14%). CocTaB riMHHCTHIXx 
MHHepasiOB B OCHOBHOM aHaJIOrMueH MpebIyuUlMM; PpasHulla COCTOMT B TOM, 4TO- 
11* TAS) 
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Kparkai xapakTepucTuka JleCCOBHAHBIX MOKpOBHBIX OTIOxKeHH Tomb-KoubipaHCKOH S30HBI 


spe EE ee eee 


= Teomormueckaa xapax- | <@aPakTepHEle sMTOMO- © Bos- |l'eHe- 
« jONeEMeHT peubeda TepuCTUHA NOPO/Bl ruvecKue ocodeH- ayHa pact | suc 
a HOCTH MOposEt 
3 
1 Bogopas nen Uexnoo6pasHo nokpbi-| Ilo smuTomoruyeckomy | He usBecTHa Qs d 
Tomp—O6b 8 palio-| BaloT CKJIOHbI HaMMOH- | cocTaBy CyrJIHHKH H 
He p. Mckutum; I] Hv] MeHHOMH BbICOKOH Tep- | cymecH, HMetoulHe T0- 
BLICOKaA TEppacb’ | pacb! H3aNOHAIOT 9PO- | MOFOH3SBHJIMCTYIO CJIO- 
3HOHHbIe NOHMKeHHA B| UCTOCTh MNapaJJeJbHO 
palionax Bbixofa Ha | cksioHy. TeKcTypa MHK- 
JHEBHYIO NOBEPXHOCTb | pocsoOHcTasA, MpepbiBHC- 
J@BOHCKHX H KaMCHHO- | Taal, HempaBHJIbHaa. 
YOJbHbIX OTMORKeHHH. | MonjHOcTh 2—7 M 
VimewT HecorviacHoe 3a- é 
eraHuHe c NOACTHMAIO- 
U{HMH UX TopoxamMu 
Teppac HU MOpcKHMH 
e@BOHCKHMH OTJIOX%K CHH- 
AMH; KOHTAKT pe3kHi, 
H3JIOMAHHbIH, oOrmKeule3s= 
HeHHbI 
Pee 5 Ee et ee ee Ee eee ee 
2 Bogopas nea BetTpevaloTca B Bue Tlopoga mpegctapsne- | He uspectHa (REF el 
Tomp—OGbB pafioHe} Kopbl BbIBETPHBAHHA | Ha TAKCJIBIM MbIIeBa- 
p. MckuTuM eBOHCKHX HK KAMCHHO- | TLIM CyrJIHHKOM, 3Ha- 
yFOJIbHbIX MOPO,3ase- | YHTEIbHO TarKemee Ma- 
PalOUlHX Ha BOMOpasye- | TepHHcKOH nopogpl. 
max. JleccopugqHpiii ma- | MompHoctTb 0,2—0,5m 
TepHaNCc FrAyCuHOH cTa- 
HOBHTCA GOosee rpyObim 
uM MocTeneHHoO nepe- 
XOAMT B leOeHuaTbIl 
OBHE PIHHHCTbIX 
caHuUeB 
3 I] nu Ill Hagnofi-| CoctaBasior c noL- TibtesaTbie sierKue H | Planorbis sp., a al —1 
| |MeHHast Teppacbi| CTHJIAIOULHMH AJIJIOBH- | cpeqHHe CyrJIHHKH. Xa- | Succinea sp. - 
p. Tomu aJIbHbIMH TePpaCOBbIMH | paKTePHbI rOPusSOH- 1 
OTJIO*KCHHAMH €/HHbI | TaAJIbHOBOJIHHCTbIC Mpo- 
WHKA ocafKoHakonse- | cnowKH MecuaHoro Ma- 
HHA, JleccoBHAHbIe NO- | TepHayia. Peako BcTpe- 
pOAbl NocTeneHHO KHH- | yaeTCA PpaBHii HW rasb- 
3y MepexogZaT B THNHY-| Ka. MoujHoctp Ha III 
HbIe€ AJIJOBHaJIbHbIe | Teppace 5—6 M, Ha 
mecuaHbie oTmoxe- | Il 2—3 Mm 
HHA 
4 Bonopa3 yeusIbHoe CmnaraioT BepXHtO1 2KesiToBaTo-nawesple | Sphaerium sp., : 1 —al 
Mpuo6ckoe Mato} YacTb NOKPOBHOFO KOM- | JIeCCOBUHbIe cyrsHH- | Zymnae sp., pla- 
nyeKkca KopeHHoro IIpu- | KH, MakKponopuctple, | norbis sp., Pisi- 
o6cKoro Nato. Same- | TOMCTO-roOpH30HTaJIb- dium sp., Pallu- 
raioT Ha CpeAHeveTBep- | HOCIOHCTHIe, KapOonarT- | dina sp. 
THYHDIX NOposax H OT- | HbIe, OOpasyloT xopouwio 
ReNAIOTCA OT HHX MNO- | BbIPaKeHHbie cToONGUa- 
rpeOeHHOH NOYBOK yep- | THe OTe bHOCTH. 
HOSeMHOrO OOHKAa MOulHOCTb XOpollo BbI- 
mepxanHa B mpeqemax 
9—10 m 
5 Bomgopasfes1bH Oe SayleraioT B paspe- Jleccopngnnie cynecn, | Eiophas primige. : 1—al 
Mpno6ckoe nnato. |3ax BOMOpasfenbuoro | CyrvIHHKH HW rviMHbI KO- | nius Blum. Eguus Q 
Bogopasyzea Tomp- | IlpHo6ckoro naato nu- | pHYHeBaTDIX H xesnTO-| caballus L. 
da *e 2-H mnorpeOeHHOH | BATDIX OTTCHKOB, HMe- 
NOUBbI, OMpememaousel | WULHE CIeAbl TONKOII 


rpaHHly mexay Qe u 
Qs. 


@PopmupyloT  mo- 
KpoB BOsopas sea 
Tomb-fAa. Toactusma- 
1oTCA 


cpeqHeveTBep- 
THUHbIMH MecuaHbIMH H 
cynecuaHbIMH a JJIIOBH- 
AbHbIMH H O3@PHbIMH 
OTMO*KeHHSMH. Tlepe- 
XO, JIECCOBHAHbIX T10- 
pow, B THMHMYHDbIe asto- 
BHaJIbHOO3SepHble NOpo- 
bl NOCTeNeHHbIH, HeE3a- 
MeTHbIN, 6e3 pe3KHX 
nepeMeH B cocTaBe H 
okKpacke 


POPH3SOHT4JIbHOH H CJa- 
OOBOMHHCTOH cmOuCTOC- 
TH. BeTpeyaiorca sHH- 
3bl MW H3peAKa Npocsoh- 
KH TOHKHX  MeCKOB. 
MmewrT cna6yi0 cTon6- 
4“aTOCTb H COMepxKaT 
HE€MHOrTO Kap6oOHaToB. 
MouyHoctp 9—10 mM B 
Oacceline p. O6u u 5—7 
M Ha MpaBobepexbe 
p. Tomu 


B SHAUHTEIbHBIX KOJIMYECTBAX MIIPHCYTCTBYyIOT GaliJeIUTH3HpOBaHHBIe THApo- 
CIHONbI, €2 MOHTMOPHJVJIOHHT OTCYTCTBYeT. 

TlokpoBHbe OTHOKECHHA BEPXHEero NaekicTonenHa. 
BepxHeveTBepTHYHbIe JICCCOBLIe NOPOAbI OOpasyl0OT BePXHIOIO YaCTb NOKPOB: OFo 
KOMMJIekca KopeHHoro [Ipuo6cKoro maTo u cCuaraloT meccoBbiit nokpos III 
(kapbep Kamrax B r. Tomcxe) u II (c. Apexoe, a. Musioruno) wamnotimenanrx 
Teppac (°). 

[loxpoBubie oTs0xeHnA ITpno6ckoro Mato XapakTepH3YIOTCA MOCTOAHCTBOM 
KOJIM4eCTBEHHOFO COCTaBa YacTHIL NO TPeM OCHOBHbIM (ppakUMAM: Necka 5—7%, 
MWK 75—78%, riunE 17%. Dru meccoBHAHbIe OTWOX%KeHUA UMEIOT KaueCTBeH- 
HO MHOH COCTaB TIMHUCTbIX MUHEPasOB, YeM CpeMHeYeTBePTUYHBIe MOKPOBHBIe 
NOPOMbI: 3Lecb MpeoGlaLaroT KAOJIMHUT, THAPOCIIONbI H COI; B- OUCH HEGOJb- 
IWHX KOJIMYECTBAX MPHCYTCTBYIOT MOHTMOPHJWIOHUT, XJIOPUYT, TeMaTHT, MYCKO- 
BUT, HNHT. Crenenb OaleHTH3aluH THAPOCIIOA OYeHb ciabaa. 

Ilo dayne MovmtocKos, coOpanuprx MW. Bamkosckum u aptopom (onpenenenue 
A. I. S6ep3uua, 1955 r.), ux MO%KHO CUNTaTbh OCalKaMH, OTJOKMBIIMMUCA 
B OOWHPHBIX 3aCTOMHBIX MpeCHOBOAHEIX BOJOeMAaX WIM peKax C OOJIbILIMM KOJIN- 
YeCTBOM BOJIbI H OUEHD CIaObIM TeYeHHeM. 

TloKpoBuble JIeCCOBHAHbIe OTJOXKeHUA TeppacOBbIX KOMIVJICKCOB MMeIOT He- 
MOCTOAHHHIM TpanysomeTpHyueckui coctaB. I]poweHTHoe cofepxaHne uacTUIL 
B OTJ@JIbHBIX TpaHyJIOMeTpH4eCKHX PpakUMAX KOMeONETCA B Pa3IMUHBIX palo- 
HaX B JOBOJIbHO WHPOKUX Tpesemtax: mecuaHEIx yvacTun 6—44%, npWeBaTHIX 
43—78%, rmunucterx 7—27%. B oTwedbubix paspesax HaOull0MaeTCA 3aKOHO- 
MepHOe YMeHbILeHHe AMCHepCHOCTH NOKPOBHEIX OTOKeHHH c rayOuHOu mpu 
Tlepexofle MOCIeQHHX B THMHYHO AJIJIIOBHaJIbHEIe OCayKH Teppac. Hamnpumep, 
NOKpOBHBIM KommeKc II HaqnouMeHHOH Teppacb B palione A. MusorTuno (ae- 
BLIM Oeper p. Tomn) c riyOuHOH (B HHTepBase 2—7 M) CTaHOBMTCA MeHee MCcHep- 
CHbIM: YMeHbilaeTCA PIHHUCTad dbpakunsaA c 26 Jo 7% HM COOTBeETCTBEHHO YBeJH- 
YHBaeTCA KOJIMUeECTBO MecuaHbIxX YacTHY (oT 9 Jo 25%). Cpenu muHepasioB ran- 
HHCTOH (pakuwuH HapsAy c OosbiuMM cofepKaHUueM TuApocsIO_ MpHCyTCTBYIOT 
B 3HAUHTeIbHBIX KOJIMUCCTBAX MePBUYHBIC MHHEPaJIbI, TAKMe KaK KBapll HU OnO- 
THT. 

Hamu dayHuctuyeckue HaxosKu (onpenenenne A. T. S6ep3una, 1955 r.) 
MOSBOJIAIOT MpeANOMOXRUTb, UTO STH JIECCOBLIE MOPObI OTOMKUJUCh B OOJIbIUMX 
TIOJIHOBOJHbIX peKaX CoO cJlaObIM TeyeHHeM. 

CoBpeMe€HHHe€ NOKPOBHHEe OTMOKeHUA. K CoBpemeH- 
HbIM IIOKPOBHBIM OOpa30BaHHAM JIeccoBoro raOuTyca HAMM OTHOCSATCA 2JIOBH- 
aJIbHbIe WH JeMIOBMaJIbuble pasHOBuAHOCTH. TloKpOBHbIe OTMOXeHHA BVJIOBHAJIb- 
HOrO reHesHCa ObIJIM BCTpeyeHbI Ha JIeBoOepexkbe p. Tomy B founHe p. Mcku- 
Tuma. Mx rene3suc NosTBepKaeTcA CueAyIOUMM CpaBHeHHeM MMHepaJornye- 
CKOro HW rpaHyJloMeTpHyecKOro cocTaBoB nopos: |) riMHUCTEIe JEROHCKHe CilaH- 
WbI COMepKaJIM B TIMHUCTOH (bpakIHH B OCHOBHOM XJIOPHTbI, MMHepaJbl TpyNNbi 
MOHTMOPUJJIOHUTA MH B HE3HAUHTEJIbHbIX KOJIMYCCTBAX MYCKOBHT, TeMaTHT, KaJIb- 
WHT, KaOJIMHUT; COJepKaHue PIMHMCTHIX YaCTHI He NpeBbiluato 8%; 2) rHHH- 
CTHI€E MHHEepasbl JICCCOBOTO 3JIOBUA B OCHOBHOM IIpeACTaBJeHbl THAPOOMOTHTOM 
M KaOJIMHHTOM, BCTPeUaIOTCH MOHTMOPHJIVJIOHHT, MYCKOBHT, XJIOpHT H kBapl (?); 
riMHUCTad (pakuuA MpeBpriuata 20%. ; 

T]amjeoOpasublii, 0-BHMMOMY, JeJOBMaJIbHbIM, XapakTep MOKPOBHBIX OT- 
JIOKeHH OCOGCHHO XOPOLIO MpOABIAeTCA B paloHax MpHCMOHeHHA HaNOMMeH- 
HbIX H BbICOKUX Teppac K Goviee ApeBHUM BOJOpasfeJbHbIM MpocrpanctBam (A. 
Yptam, c. Kupeescxoe). JlemioBHuasbuble JIECCOBHIHbIC OTOKCHUA BCTPeualoTcA 
TakxKe B paspesax II HagnolimeHHOH Teppacbl No JeBomy Gepery p. Tomu (a. 
Kanrali, Baproxuno, Semezeepo) H B SPO3HOHHBIX NOHH2KCHHAX B PaHOHE BbI- 
XOJa Ha JHEBHY!O NOBEPXHOCTb Maseo3OHCKUX NOpog (lomHHa p. MckuT um). 
B nocequemM cilyyae HCTOUHHKOM JIA UX OOPas0BaHHA ABJAeCTCA ONMCAHHBIN 
BHIWe JIECCOEBIN 2HORMM JeEOHCKUX TVIMHHCTHIX CJIaHIeB. 

Becb v3JIOXKeHHbIM MaTepHasl MOKa3bIBaeT, YTO MOKPOBHbIC OTJIOXKeHHA Ce- 
eppo-salaquoro KpbiJia Tomb-KoupiBaHCKOli 3OHbI Pa3HOBO3pacTHI, HeOAH Ha- 
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KOBbI 110 CBOeMY TeHE3HCY HW B 3ABHCHMOCTH OT BO3pacTa HM TeHeE3HCa HMeIOT ompe- 
AEJICHHbIC JIATOJIOTHYeCKHe OCOGCHHOCTH. Ilostomy HeT HeOOXOJMMOCTH TOBOPHTb 
O BO3HHKHOB€HHH HX KaKHM-JIH60 OTHHM IIyTeM. 


Iloctynu.o0 
6 I 1958 


UHMTHPOBAHHASA JIMTEPATYPA 


15. B. Musepos, Yu. gan. Tomek. roc. yuus., Ne 11 (1948). 21. A. H HKUTHH, } 
AAH, 61, Nt 6 (1948). 391. A. Paros3uu, Tp. Tomcx. roc. yuus., 38 (1947). | 
‘JI. A. Parosuu, Tp. Tomck. roc. yuus., 100, (1948). 5B. B. dDenuKcos a, } 
Brona. MOUT], otn. reon., 31 (4) (1956). ®B. B. Oenuxcos a, Tp. MexsezomctTB. 
COBel. O paspaboTKe yHAHUHpOBaHHbIXx cTpaTurpapuyeckux cxem Cu6upu, Joka. mo cTpa- § 
THIP. M€3030HCKHX HU KalifHOsOiCKHX OTMOKeHHH, 1957. 
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Aoxnaner Akagemun nayr CCCP 
1958. Tom 120, Ne 1 


CPEOJOFH A 


A. T. 3BEP3HH wu B. C. CAAHOB 


O BYJIKAHHYECKOM TIEMJIE H3 MJOTHYECKHX OTJIOKEHHM 
MOJIQJABCKOH CCP 


(ITpedcmaeaexno axademuxom C. H. Muponoeom 15 I 1958) 


| WUsyyuenne uckomaemplx Typos, MemoB u Apyrux MpoxyKTOB ByKaHM4eCKHX 
“M3Bep>XeHHH HMeeT HeMAaJIOBaxKHOe 3Ha¥eHHe WIA MO3HaHUA TeosorMyecKoro 
‘Mpouioro Semin. BnomHe NOHATeH MO3TOMY TOT MHTepec, KOTOpbIii MpescTaB- 
AAtOT HaXOMKH Memos, TyPoB UW T. Tl. B KaHHO3OHCKHX ocayKax rwora CCCP, 
B YaCTHOCTH, B HeoreHe YKpaHHcKoH CCP u compeyembupix o6sactelt (7). B cpa3u 
C 9THM 3aCJlyKHBaeT BHHMAHHA HAXOKa BYJIKAHHYECKOLO Mella B BEPXHeEM MHO- 
WeHe WeHTpasbHow Beccapa6un. 

Toukui, B 10O—15 cm mMomtHocThO, Mpocion BysIKaHuYeCcKOro Mena, 6emeco- 
BaTO-ceporo WBeTa C NOBepXHOCTH, Ob OOHAPyXKeH B TOJIU[e MIOTHYCCKHX OT- 
JO*KeHHH, B pavoHe packoNoK rumnapHoHOBoH dayHb! BOH3H T. Unmuwwiua. 
Sylecb, Ha MpaBoM cKsoHe p. Bana-CaTtynyi (mpaBbl mpuTroK p. Koruuabyuk), 
B HemocpefcTBeHHOH OwM30cTH c r. UNMMUWINA, B MHOFOUMCJICHHBIX OBparax 
BCKPbIBaeTCA MOL{Had, Ooslee 70 M, CBHTa MeCUaHO-FIMHUMCTHIX MOpoy. Cpelu 
MOcWIeAHAX MpeoOlaaoT PIMHbI, MHOTa NecTpOOKpaueHHble, OObIMHO 2%Ke OJIMB- 
KOBO- H OypoBaTo-cepble, pexke roJlyOoBaTo-cepble, C KeJIe3HCTO-pKaBbIMH U 
X0KeJITHMH TATHAMH, MeCTaMH — IpA3HO-Cepble, MOUTH YepHble, ryYMyCHPOBaH- 
HbI€, HEABCTBEHHO CJIONCTHIC, Oo/IbIueH YacTbIO OeCCTPYKTYPHbIe, MIOXO OTCOp- 
THPOBAHHbIe, B HEKOTOPbIX CJly4aaxX KOMKOBaTHIe. UacTo HaOsiofaioTcA H3BecT- 
KOBO-MepresIMCTble BKJIIOUCHUA HM TaJlbKH H3BeCCTHAKOB, a HHOPa HW KYCKH Mec- 
4YaHUKOB. OTMeualOTCA HEMOCTOAHHbI€ TOHKHE MpOCJOM HM MpoMsacTKH MeCKOB, 
pexke MJIMTUaTbIX MeCYaHHKOB. 

STH PIMHbI NepemexkaiwoTca Cc Goslee peAKHMH MlacTaMH TMecKoB, OemecoBaTo- 
HW 2%KeJITOBaTO-CepbIX, MOBOJIbHO PbIXJIbIX, OObIYHO M@JIKO- HM CpeMHeSepHHCTHIX 
COQMCTbIX, MeCTaMH IVIMHMCTbIX, OO/IbUeH YacTbIO KOCO- HM AHaroHaJlbHO- 
CJIOUCTHIX, HHOFa MUKPOCJOHCTEIX, C MpomMacTKaMH MeJIKMX TasleK, HeMOo- 
CTOAHHBIMH MpOCOAMH WM JIMH3AMH MMKPOKOHIJOMepaTOB H, U3pe4Ka, BbIKJI- 
HMBaloulMMUCA WacTaMH MecTpbIxX TVIMH. 

¢ TaKkoli WuTOMOrMYeCKHM CocTaB CBOMCTBeEH KOHTHHEHTAIbHBIM OOpa3s0BaHH- 
AM, OTWIaraBLIMMCA B O3EPHO-peYHbIX, GOJIOTHBIX H CyOadpaJIbHbIX YCIOBUAX, 
uTO M MOATBepKAaercA HaXOKaMH *ayHbl MpeCHOBOAHbIX, TlaBHbIM OOpa3soM 
PCUHBIX MOJIJIKOCKOB H Ha3€MHbIX MOSBOHOUHBIX, BCTPeyalollHXCA B STHX OCaNKaX. 
B HwxKHeH MOJOBHHE TOU BCTPeYeHbI MIOXO COXpaHHBIUMeCA ABYCTBOpyaTHIe 
MOMJIOCKH, MoxoxHe Ha Unio subpartschi Sinz. S3HaunTesbHO pexKe BcTpeyaioT- 
ea Unio flabellatus Goldf., pacnpocrpaneHue KoToppIx Ha wore CCCP orpanu- 
yeHo M30THCOM. K HuKHel UaCTH BePXHeH NOJIOBMHbI TOU MPHypOueHbl H3- 
BeCTHbI€ KOCTEHOCHIe FOpH30HTbI UAMMLIJIMM, B KOTOPbIX HalieHbl MHOFOUNCeH- 
HbIe€ OCTATKH PasHOOOpasHbIX Ha3eMHbIX MOSBOHOUHBIX: Lepus laskarevi Khom., 
Castor fiber L., Hystrix sp., Mustela palaeattica Weit.,M. leporhinum Khom., 
M. sp., Pannonictis rumanus Sim., Ictitherium hipparionum bessarabicum 
Sim., Lycyaena parva Khom., Crocuta eximia Roth. et. Wagn., Hyaena 
sp., Mastodon longirostris Kaup., M. turicensis Shin., Machairodus aphani- 
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stus Kaup., M. schlosseri Weit., M. cultridens Cuv., M. parvulus Khor) 
Dinotherium giganteum Kaup.,. D. gigantissimum Stef., Hipparion sp 
Aceratherium incisivum Kaup., Chilotherium schlosseri Web., Diceros pach} 
gnatus Wagn., Microstonyx erymanthius Roth. et Wagn., Cervus sp., He 
ladotherium duvernoyi Gaud., Tragocerus amaltheus Gaud., Gazella depep 
dita Gerv., G. brevicornis Gerv. u T. @. (°). #7 
Bospact aToli ayHbl MpHsHaeTcaA cMelMaMCTaMM Kak M9OTHYCCKHH. 
Ucxoaa u3 H3yYeCHHA M30THYCCKUX OTJIOXKeHHH WeHTpasbHou bBeccapaor 
M HHTepNoJUpyA MOsIO%KeHHE OCHOBHEIX KOCTCHOCHBIX TOPH3OHTOB B OOUIeM pai 
pese M30THCa B CBeTe JaHHbIX OYPOBbIX CKBaKMH, MOXKHO BHICKa3aTb NpPeMNOM) 
>KeHuve, UTO KOCTeHOCHIe con UNMMUWINH IpHypoOveHbl K CpeqHeMy WIM Hayasp 
BepXHero M3OTHCA. 
Ilpocof nena, omMcbIBaemMoro HXKe, pacronox*en B 20—25 M Bplllle MayK} 
KOCTCHOCHBIX JIMH3. OTCIOa MOXKHO CileaTb BbIBOA, YTO NO CBOeMY CTpaTHrpagif 
YeCKOMY NOJIOKEHMIO IpOCJION BYJIKaH IB 
Ta6nnua 1 yeCKOTO Tela OTHOCHTCA ,C HAHOOJIbILE} 
BeEPOSTHOCTbIO, K BeEPXHEMY MS3OTHC\# 
Coss MaxkpocKonuueckn STOT Terres npeli 
AIM Aer PIRSR TEU AUN bpaxnuii, % CTaBJIAeT COOOH BECbMa TOHKO3EPHHCTYI} 
WepoxoBaTyI0 Ha OMLyMb, NOYTH H 
CI[EMCHTHPOBaHHyt0, Jerky!O TopHyip 


0/25-20310 2,48 nopomy, KoTOpad MOuTH He BCKHMaeT F 

0,40—0,01 83,36 COJIHHOH KUCJIOTOH MU ObICTpO TBepeeT |F 

0,01—0, 004 13,65 He pa3MoKaeT B Boje. IlBer cyxor 
<0,004 0,51 P oF 7 
see meria CBeTJIO-cepbili, caerka cepe6pu 


CTbIH, C 2KeJITOBaTHIM OTTeHKOM. IIpi 
OCBeINeCHHH B HeM BUJHBI M@JIKHe UaCTHUKH BYJIKAHHYeCKOTO CTeKJIa C CHJIbHBID 
CT€KJIAHHbIM OJICECKOM. 

Ocnopyaa Macca Menta (83,36 % ) cocrouT u3 uacTul pasMepom 0,10—0,01 mm) 
KOTOpbl€ COOTBETCTBYIOT KPYNHOK HW MeIKOH mbH. Ha Wowto ocTabHBIX, (pak} 
Wu mpuxomutcs Bcero mnwb 16,64% (cm. Ta6z. 1). 

Muxkpockonuyeckoe u3y4eHHe (pakUH NoKa3sbIBaeT, YTO OHH COCTOAT B OC} 
HOBHOM H3 OCKOJIKOB Mpo3payuHOro OeCLBeTHOFO H3OTPONHOLO BYJKAaHHYeCKOr} 
cTeKJIa, YaCTO COJepxKallero MebualwuNe NYy3bIpbKH Tra30B. CoxpaHHoctTb oc} 
KOJIKOB OY€Hb XOPOlIaA, Ha HX MOBEPXHOCTH He BHAHO HH MaweHwux celoll 
OkaTaHHocTH. @opmMa OCKOJIKOB YyrsOBaTad, CepnoBuyHad, HeNpaBnubnant 
ocTpopeOpuctad C HepOBHO 3a3yOpeHHbIMH Kpasimu. Muorue u3 HUX MpencraB} 
JICHbI B BHe OGJIOMKOB TOHKHX WHIHHAPWHueCKHX HUTeH, HAMOMHHAIOWLNX «BO. 
Noch Ilene», o6pasyromlMecA Np H3Bep2xXeHHAX BYJIKaHOB Memelickoro TuNMa } 
rye WaBbl ObIBaloT Oolee BASKHE. 

Cylox*KeHve OOJbINMHCTBA OCKOJIKOB TOMOreHHOe, HO y HHTeH mpeoObmazael} 
BOJIOKHUCTOe, H, KPOMe TOO, OHH MPCHMYLCCTBEHHO PeOPHCTHIe H HECKOJIbKC 
3aKPYUeHHbIe BOKPYr JWIMHHOH ocH. 

Tloka3aTeib MpeOMJIeCHHA, H3SMePeHHBIH Mp NOMOMLM HMMepCHOHHOH XU: 
kocTH, papeH 1,521-+0,002. Yaenbubili Bec crekla, OTOOpanHoro u3 pakUHH 
0,10—0,01 mM un onpeyzenennoro nuKHoMetpom ©. C. Ilepec, papusetcs 2,47. Co-| 
ep Kanne TAKCION PpakUMu COCTAaBJIAeT HHYTORHYIO MoO OT yacTuy 0,10— 
0,01 mm. Ona mpefcTaBiena NOYTH HCKIIOUNTEbHO 3eIeHOBATBIMH 3a3yOpeH: 
HbIMH 10 KpasaM JJMCTOUKaMH OnoTUTAa, y KoTOporo Ni, = 1,626+-0,002, u emu: 
HHUHBIMH, OKPYIIbIMH 3epHaMH UHpKOHa. XuMuYeCKHH CcocTaB Nena 
MpHBOMTCA B Tad. 2. Ero anaiu3 BpInomHeH O. A. Tumoceesoli (MonnapcKkult 
dbustman AH CCCP). Ilo xumuueckomy cocraBy 4 Mo pesybTaTam ero mepecueta 
mo cucteme A. H. Sapapuuxoro (') neormyyenHpil mene 61M Ke BCero NOAXOLUT 
K JlaBaM JIMMapHTO-JaWuToBoro cocTaBa. HeoOxoumMo oTMeTUTb OAHY OCobeH- 
HOCTb XHMHYECKOTO COCTaBa Mella, HMCHHO MepecbillleHHve TIHHO3CMOM, UTO 
cOlmKaeT ero c Jaunutamu Mou-Ilese. 

IIpoucxox Jenne STOrO Nena aBTOPbI CBASHIBAIOT C H3BEP2KeHHeM OJHOFO U3 
BOCTOUNBIX BYJIKAaHOB SOHLI BuyTpenuux Kapmat, re B M90TH¥eCKOe Bpema (2) 
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Ta6muua 2 


TlepecuetT Ha xKooddunHentsi 
A. H. 3apapuuKoro 
Komnonent Bec. % Mon. Kony. 
KosdpunuenT | wes. xapaxr. 
SiO, 64,65 1076 a 1,83 
TiO, 0,40 005 C 3.14 
Al,O3 19,44 190 b 24,43 
Fe,Oz 2,68 016 | Ss 70,60 
FeO al teMtl 026 a’ 68 , 44 
MnO Cel0meay  brpeO0S jf’ 16,32 
MgO - f DGoo 057 m’ 15,24 
CaO 710) 048 n 78,57 
Na,O OR, 014 t 4,98 
Ka,O 0,28 003 7) 8,50 
PO: 0,10 004 Q 34,40 
0,13 
S (o6uiaz) 0.07 
(Gy 535) 
Cl 0,43 
laGO= 0,89 
Ilorepa np mpoKxasu- 
BaHHu 3,60 
Cy Maes asa QAI 


* B cymmy 99,47 S u Cl sxogqat c nompaBkaMu Ha KMCOpoyq — 9TH uHCMAa 
WaHbl MOL yepTou. 


MNPOWCXOAHJIA U3IMAHAA JAB O6M3KOTO cocTaBa, MIpHu4eM BbIOPOILNeHHbI Ma- 
Tepuad Obl Me€peHeCceH JOJIOBbIM NYTEM HW OTJIOXKCH Ha THE HerslyOokoro BOJOe€Ma. 


IlaneontosoruyecKHH WHCTHTYT Iloctynuao 
Akajflemuu Hayk CCCP 14 I 1958 


MougzaBcKuh dusnan 
Axkanemuv Hayk CCCP 


UWMTHPOBAHHAA JIUTEPATYPA 


1A. H. Sapapuukudh, Beezenne B NeTPOXHMHIO H3BePKeCHHbIX TOPHbIX MOpod, 
VY3n. AH CCCP, 1950. 2 B.C. Co6oneBu gp., Ilerporpapua HeoreHoBbIxX BYJIKAHHYeCKHX 
M runa6uccaibHbIx mopox Copetckux Kapnat, Kues, 1955. * A. A. Bopucak, E. HU. 
Beuasesa, Tp. Ilaneonton. unct., 15, B. 3 (1948). 
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Wornann Akagemuu nayx CCCP 
1958. Tom 120, Ne 1 


IPEHETHKA 


Axayemuk WH. WH. WIMAJIbBrAY3EH 


HACJIEACTBEHHA Sl MH®OPMALMA WH EE MPEOBPASOBAHHA 


C Tex nop kak 2. IUlpequurep (*) ucnomb30Ban MoHATHe HAcopMallNH ANA 

OACHCHHA MepeMay HaCJIeACTBeHHbIX CBOHCTB OpraHH3Ma MU CpaBHA JIMHelHOe 
TPO€HHE XPOMOCOM C 3allIMpOBaHHBIM KOJOM, 3TO CpaBHeHHe CTaslo OOulenpH- 
ATBIM. OJHaKO, NO-BHAHMOMY, OHO He Hallo elle MpHMeHeEHHA WIA OObACHE- 
MA SBOJIOMMOHHBIX MpeoOpasoBaHHl, HM B UaCTHOCTH, MpeoOpa3s0BaHHA MeXaHu3- 
Ma TlepeyayH caMoro HacCJIeCTBeHHOrO MaTepHawia. 
_ Merxkay Tem oveBuyqHO, YTO H Me€XaHH3M SBOJIOWMH MOXKHO paccCMaTPHBaTb 
> TOUKM 3peHHA KHOepHeTUKH. PeryupyeMbIM OObEKTOM ABMAeTCH pH 3TOM, 
HeCOMHEHHO, NOMYJAWHA, KAK HaMMeHblllaA SBOIONpyloulad elHHuta. B pomu 
DeryATOpa CYT OnoreoweHos. IHlonyaauua, BxoMAWIaA B COCTaB JaHHOoro 
JHoreoleHo3a, CBA3aHa C HUM MocpefcTBOM AByX KaHasos. Ilepspilt kanal CBA3H 
T@XKUT HA MOJICKYJIAPHOM YPOBHe OpraHH3allMi HW CJYKUT JWIA Mepemaun Hacwen- 
CTBCHHOH MHQOpMallHH OT 3HTOTLI AO Ne€PBHYHEIX MNOJIOBLIX KJeTOK 3pesol 
nco6u. BropoH KaHasI CBA3H JI@XKUT Ha YPOBHE OPraHH3alluN OCOOH M CJTYXKUT 
AA Tepelauw OO6paTHoH uHdopMalluu oT deHoTHNoB K OnoreoueHo3y. Mexay 
THM JBYMA KaHaJlaMM BCTaBJICHbI MCXaHH3MbI IpeoOpasoBanuA, OGecneunBato- 
He CBA3b M@KAY HAM VM 3aMbIKalollve TaKHM OOpa30M JIeMeHTAPHbIM WAKA 
BOJIIOUMOHHbIX H3MeHeHHH. 

Kak yCTOHYHBOCTh HaCsleACTBCHHOTO MaTepHasla, TaK WH ero HHAMBYAyaJb- 
10CTbh OObACHAIOTCA B HacToAee BPeMA CTpoeHHeM MoseKya JLHK (ze30Kcupu- 
JOH YKJICHHOBOM KHCJIOTHI). CocTaB NocIeqHHX U3 JByX MapaJWIeIbHbIX CaxXapHO- 
bocdbaTHbIX emel, COCEMMHEHHBIX MexKy COOOl B Kax%KJOM 3BeHe Napol OCHOBaHHH 
aJeHHH C THMHHOM WIM ILMTOSHH C ryaHHHoM), JonyckaeT npodosubHoe paculenue- 
1M@ MOJICKYJIbI WM Mocsemyioulee BOCCTaHOBJeHHe HeocTatoulero MapTHepa. 
JnpeweseHHoe YepesoBaHHe ABYX Map OCHOBaHHH B AByX BO3MOXHBIX MOJI0%*Ke- 
MAX JaloT pH OOMbUIOM UNCIe 3BEHbEB, HCUMCJIACMOM TbICAYaMH, ACTPOHOMH- 
leCKHe UNCIa BO3MOXKHbIX KOMOMHALMH. ITUM OOecneunBaeTcA TIyOOKaA HHIN- 
sHlyaibHocTb Momekya JIHK, Bxofauux B COCTaB TOM WIM HHOM XPOMOCOMBI. 
> TOUKH 3peHUA TeEOpHu HHPOPpMalMH MOXKHO Cee MpefcTaBUTb Mepekayy Ji0- 
JOrO COOOUIEHHA MOcpeAcTBOM YepeOBaHHA YeTHIPeX TOJIbKO 3HaKOB — Map 
CHOBaHHH MomeKyant JLHK, nogxo6xHo Tomy Kak a36yKa Mop3e nombsyeTca Tak xe 
IMIb UeTBIDPbMA 3HaKaMM (TOUKAa, THpe, MepepHiB HW ABOHHOH MepepprB). 

Bes HacneqcTBeHHad HHC*pOpMallHA MepeMaeTCA OT 3MPOTbI KO BCeM KJeTKaM 
ASBUBAIOUCrOCA OpraHusMa MocpeACTBOM MeXaHH3Ma KJIeTOUHOTO JeeHHA. 
X POMOCOMBI ABJIAIOTCA, OMHAKO, HE TOKO HOCHTe/IAMH HHPOpMallHH, 3allHCaH- 
10H B Bue yCOBHOrO KOfa. OHH ABJIAIOTCA TaK?2Ke AKTHBHBIMM peryJATOpaMu 
SHYTPHKJIETOUHOTO OOMeHa BeLIeCTB H KOHTPOJIMPYIOT Yepes STO BCe MpoMeccsl 
IHJMBULYAaIbHOTO pasBHTHA. B STH MpOMeccbl, ECTECTBEHHO, BOBJeKaIOTCA H 
Wla3MeHHbIe §=cyOcTaHuHy, B3aHMMOJeCHCTBYIOUNNe C ACPHbIMH MpOAyKTaMH. 
Tepponavamibuad AudepeHuMpoBka 3HToTb! HET Ha OCHOBE OPranusalluH M1a3- 
(bl, JETEPMHHUPOBaHHON elle B AMUHHKE. JjasbHevlee pa3sBuTHe ONpeemAeTcA 
33AMMOJeHCTBHeEM YacTeH pa3sBHMBarolllerocA OPraHH3Ma B (popmoo6pa3oBaTesb- 
IbIX CHCTeEMaX, KOTOPbIe HMEIOT Oovlee HIM MEHEC APKO BbIParKeHHbIM PeryATOP- 
ibiii XapakTep (romeoctaT). PasBuTve HeT HW MPH yacTHH BHEINHUX (akTOpoB; 
lOCNeLHHE UTpalOT, OLHAKO, JIMUIb poh HEOOXOAMMBIX YCNOBUM pPasBUTHA. Ou 
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WHOMa BbICTYMaIOT B KaYeCTBE OCBOOOXKalolluX aKTOPOB, HO BCA cHeuHpH 
cbopMoo6pa30BaHHA ONpesesAeTCA YHAaCeOBaHHLIMM HOPMaMH peakuun. Be i 
KOe pa3BHTHe OCOOH eCTb MO MeHbIUeli Mepe aBTOperyAMMA UB OOMbWEH HIF 
MeHbIUeH Mepe IIpHOMKaeTCA K aBTOHOMHOMy pa3BuTuo (*). Bo Bcex cayya 
cbopMoo6pa30BaHHA OHO HHYWMpyeTcA OYeCHb He3HAUHTCIbHBIM BJIMAHMEM Pp 
peasmusyeTca B NOHOH Mepe IPH MpeBbIIeHHH NOpOroBOrO YPpOBHA peakTF} 
HOCTH MaTepHasia. PeakuuA HH B KaKOl Mepe He MponoplMoHambua PopMooOf ym. 
30BaT@IbHOMY Bo3felicTBuIo. Ona MoxroToBseHa 3apaHee B BHe USBECTHOIP. 
3amaca SHepruu BHYTPU pearupylousero MaTepnasa. Takow XapakTep HHAMBAIE 
aJIbHOFO pa3sBHTHA HaNOMMHaeT OOBIUHEIH MeTOA NpeoOpasoBanud HHPopMally 
C HCMOIb30BaHHeM CMellMpuyecKUX YCHJIMTeeH B Me€XaHH3MaX aBTOMATH™ 
cKoro ynpaBJieHHs. a 

VniuBulyaltbHoe pasBuTue opraHu3Ma HM MpeAcTaB/AeT THIMUHbIN NPUMPe 
MpeoOpasoBaHusA UNPopMallMM C MepeXOLOM OT OAHOTO YCOBHOTO Koa K Aph. 
romy. PeHoTHM ocoOH ABIAeTCH Tak?Ke HOCHTeIeM HHdopMalMH. Onali 
NOCIeIHAA MepelaercA COBePIeHHO HHbIMM CHMBOJIaMH («mpH3HaKaMu» Opi 
HM3allMH) WM pealMsyerca MHbIMM cpegcTBaMH. HacieqcTBeHHad HuHpopMal gy 
MepelaeTcH Ha MOJIeKYJIAPHOM YPOBHe OpraHH3allMH XPOMOCOM HM peasMsyeThy 
B WpolleccaX BHYTpHKJeTOUHOTO OOMeHa BellecTB. IIpec6pasoBaHHas, OOpaTHIs 
HHopMalluaA NepelaeTca Ha YPOBHE OPraHH3allNu WeOH OcoOu MH peaslusyery 
B IIpOWeccaX %KH3HEJEATEIbHOCTH, T. €. OOMeHA BelllecTB Welow ocoOv. | 

Becb CMBICJI HHJMBULyaIbHOrO pa3BHTHA COCTOHT B MpeoOpasoBaHHH FE 
cul€NCTBeHHOH HHPOpMallHH B CHCTeMY 2KM3HEHHBIX CBAZCH OPraHH3Ma C BHELHIE 
cpenon. 

O6paTHad uHdpopMalluaA MepeyaeTcaA yepes NpusHakuH GeHOTHMAa, KOTOPiIi 
OJHOBPeMCHHO NO3BOJIAIOT OCYMLECTBHTb KOHTPOJIb STOH OPraHH3allMu Co CTOPOIe 
(bakTopoB Onoreorenosa. PenoTunbI ocoGeli aHHOH MONYIAWHN MpOXoLaT BY 
yeHHe BCero CBOEFO 2KH3HEHHOLO IWMKJIa HEMpepbIBHY10 Wellb KOHTPOJIbHBIX HCIIE 
TaHHH B OMoreoleHose. PesybTAaTOM STOO HCMBITAHHA ABJIAeTCA HOO IIMMUBIE 
IA Ha KakOli-mu60 CTaluu pasBHTHA, WHOO MepexKMBaHHe M OCTABEHHE TOTO! 
CTBa, T. €. ECTECTBCHHbIM OTOOp. EcTecTBeHHbI OTOOP ABJIA€TCA MEXAHH3MOM Mpie 
oOpa3s0BaHHA OOpaTHOH MHdopMalluH B OnoreoneHo3e. TlocKombKy cbeHOTUI® 
MIpaBHJIbHO (B JaHHbIX YCJIOBHAX) OTParKaloT CBOMCTBa TeHOTHNOB HW OAHOBPeMess 
HO ABJISIOTCA HOCHTEIAMH HaCJe{CTBEHHOM MHPOpMaLlHH (B NepBUYHBIX NOJIOBED 
KJleTKax), BMecTe C OTOOPOM Mo eHOTHNAaM MpoHcXOAHT u OT6op reHoTuno}h 
IIpu onsofoTBopeHHH MponcXoAUT OObeqMHEHHE HacJeACTBeHHOM HHopMallp 
ABYX ampoOupoBaHHbIx oco6eli B OHO 3uroTe. 1 

Takum o6pa30m, mpeo6pas0BaHHe OOpaTHOl uncopmMalluu B Ouoreo leno 
HauMHaeTCA KOHTPOJIeM (PeHOTHMOB Ha YPOBHE OPraHHh3allHH OCOOH HW KOHYAeTIP 
MepecTpOHKOH HaceACTBeEHHOH UH*POpMallHH B CHCTeMe KeTKH (3HFOTHI HM Ip. 
JYKTOB ee Jeenua). B pesyibraTe peryupyemasd cucTema-nonyiAUuA Nor 
YaeT yipaBJIAIOUlMe CHTHaJIbI OT OMOFeolleHo3a Yepes H3MeHEHHE CTPYKTyP 
HaCe€ACTBeHHOrO Koa. PakTopbl GuHOreolleHo3a, TAKUM O6pa30M, HeCOMHEHE! 
YUpaBIAIOT SBOMOMMEH, HO TOJILKO IyTeM B3aMMOMelicTBHA BHEWHUX H BHYTPel| 
HHX (paKTOpoB, peau3yemoro B Ipolecce ecTecTBeHHOrO oTOOpa. 

Muorue BHelIHHe (paKTOpbI HMCIOT, OJHAKO, 3HaYeHHe OObEKTHBHO cuyyall 
HBIX COObITHH, KOTOPbIe TaK HJIM HHave BO3eHCTBY!OT Ha YKaSaHHble MpoLecct! 
Bee Takue cyualinble Bo3,elcTBUA UTpaloT POI <MOMeX», B OovIbIeli HM MEH? 
eH Mepe Hapyllaiomnx Nepewayy HHPOpMallHH Kak MO NepBOMY,BHYTPHKseTO' 
HOMY, KaHaJly CBA3H, Tak H MO BTOPOMY KaHaJly OOpaTHOH cBA38H OT OCOG6eH | 
OvoreoneHosy. Ilomexu, Hapyllatonmme nepeqayy HacmeycTBeHHOK undbopmallny) 
ACHCTBYIOT B MOJIEKYJIAPHOM MacuiTa6e. Mx ucTOUHHKOM MOryT ObITb paqualus 
XHMUYeCKHE peareHTE! WIM Pe3KHe YKJOHEHHA B Ooee OOBIUHEIX (aKTopay| 
Hapywenua wacieycTBeHHOH HHpopMalluM BbIparkaioTcs B MyTalluax (reHHBI 
MH XPOMOCOMHEIX Mepecrpolikax). Mampie MyTalMH MCHomb3yloTca B Mponec 
MpOrpeccHBHON SBouIOUAHM (Yepes MeXaHH3M KOHTPOJIA H ECTeCTBeEHHOTO OTOOpa: 
ONHAKO, Oosee SHAYMTEbHEIC YKJIOHCHHA OObIMHO HapYlWaloT 2%KUSHEHHEIe (byHK 
WH OpraHH3Ma HW 9JIMMMHMPyIoTcs. 
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OIMMMHAUMA YKJIOHCHHH O38HavaeT cTaOumusHpyrounii oTOop (T. e. oT6op 
jilomb3y ycTaHoBuBielica Hopmpt (*)). Ero Jelicraue BEIparKaerca B yBeJIH4eHHU 
pMEXOYCTOHYMBOCTH. ITO NOCTHTaeTCA BCEMH TeMH 2Ke CpeCTBAMM, KaK Vi B TeX- 
ke CBa3H. HanOovlee HaflexKHbIM CpeCTBOM MOBBIIeHHA MOMeXOYCTOIMUMBOCTH 
BAACTCH yCTAHOBJICHHe CHCTEMHbIX CBA3eH B MepeaBaemoli HudopMallun (uacTOT- 
Ad MOLYIAUMA B panuocssasu (1). Ito cpexcTBo ucnomb3yercs MB UeOBeUeCKOli 
euH — KaK B yCTHOM Mepefaye (MojyiaWuA ryOaMu, A3bIKOM H poTOBOli Mo- 
jocTbi0), TaK HB MHcbMeHHOM. Ponetuyeckue 3HakH — OyKBBI He KOMOHHHPp yIoT- 
JH CBOOOAHO, a CBASHIBaIOTCA B CIOBa; MOCpescTBOM MOrMyuecKO CBA3H CORA 
DeMHHAIOTCA B TipeqIOKeHHA HT. ZL. 
Yepelyoumeca Mapp ocHoBaHuit B Mmosekyse JIHK taxxe ne KoMO6u- 
Hupyiorca cBoOoqHO. Havmenbiie peabuol equHuuelt HacneqcTBeHHON uHdop- 
Rau ABIAeTCH Topasqo Oowee CO*KHOe WH BbICOKO MHAMBULYaIMSHpOBaHHoe 
HOpas0BaHHve — reH. MakcuMaJIbHoe KOJIMYeCTBO HHPOpMalluH M3MepseTcsA Mo- 
TOMY JIOrapHMOM UYNCa pa3sJIMYHbIX TeHOB. Onako 9TO MaKCHMaJIbHOe KO- 
{MUECTBO MOTO Ob! ObITh OCYULECTBIIEHO JIMLIb IPH CBOOOAHOM KOMOHHUPOBaHHH 
aBHOBeEPOATHHIX TeHOB. B AevicTBUTeMbHOCTH 2%e (KaK HM B YeNOBeueCKOH peuH) 
lech He€T HH PpaBHOBe€PpOATHOCTH 3HaKOB, HH CBOOOJbI HX KOMOMHMpOBaHHA. 
W CHI MepeaioTca YacTbIO CMaAHHBIMH B Oosee COXKHbIC KOMIMIEKCHI (cymepreHbl 
(T. 11.), H BO BCAKOM CJLy4ae FeHbI MPOUHO CBASHIBAIOTCA B IeJIOCTHbIe CHCTeEMbI — 
‘poMocobl. CiemleHHe Me2Ky reHaMH B pa3JIHMUHbIX YaCTAX XPOMOCOM pa3vJIH4- 
(0 (06 STOM TOBOpHT pacxox*KeHHe MexKAy WuTOMOrMYecKUMH HM THOpHAOMOrHU- 
keCKHMH KapTaMH XpOMOCOM), H 9TO YKa3bIBaeT Ha YaCTHYHYIO AudepenuMaluto 
{aJIbHeHIUUX KOMMIeKCOB. Kpome Toro, H XPOMOCOMbI HacJleyIOTCA COBMeCTHO 
8 BAe HOPMaJIbHOro HaOopa H He NepeKOMOMHUPYIOTCA B OOBIYHbIX KJICTOUHbIX 
@NeHHAX Pa3sBHBalolselca 3uroTH. TakuM oOpa30m ocyulecTBIAeTCA CBA3HAA 
jlepeqaua BceH HaCJIeECTBEHHOH HHPopMallHu, KOTOpad MpuooperaerT B pesybTaTe 


KouMuecTBo HHPOpMalluH HEBEIMKO, OHAKO €€ KayeCTBO OOeCICUNBaeT OUCH CO- 
BepIUeHHYIO, MOUTH OesolmMOouHYyIo Mepelayy HaCJIeEACTBeHHbIX CBOHCTB OT 3H- 
OThHI KO BCEM KJI€TKAM 3peOrO OpraHu3Ma. OTH HacseACTBeHHbIe CBOHCTBa 


How ocodu. 

JipyruM, WH MpHToM HavOosee MpocTbIM, CpefcTBOM OopbObl Cc MoMexaMu 
(IpuMeHsAeMbIM HM B TeXHUKe CBA3H) ABJAeTCA NMOBTOpeHue uHopmayun (’). 
B HacCleCTReHHOH HH(OpMallMH NOBTOPHOCTh peasIu3yeTCA B NOBTOPeHHH OJH- 
HAKOBbIX eHOB (MOJIMPeHbI) H WesIbIX KOMIIeKCOB (HCNO/Ib30BaHHe LYNINKalHni ?). 
IB oco6eHHOCTH, O2HakKO, MOBTOpeHve WebIX XpOMOCOM — JMMVIOHAMA (MOvIH- 
MOMMA) — ABJIACTCH MOUTH BCeOOMHM CpeCTBOM TOBbIINeHHA Hajle2%KHOCTH 
MH(OpMalluH. ; 
Hakonell, MoMexoycToiuMBocTh MofepxXMBaeTCA Take MOKaIMsauMen UH 
M3OIAIHeH HaCJleMCTBeHHOrO KOJa BHYTPH Tella KJIeTKH MO 3allMTOW peryJs- 
OPHbIX Me€XaHH3MOB KJI€TKH HM BCerO OpraHH3Ma B IleJIOM. 

| Tlomexoycroiunpoctb MexaHu3Ma MpeoOpasoBaHuA MH*POpMallHH B HHAMBH- 
KYaJIbHOM pa3BHTHH MOA epxKuBaeTcA OpraHHsallMeH CHCTeM BHYTPeHHHX CBASeH 
(Koppemalui) u perysATOPHbIMH MeXaHH3MaMH (POPMOOOPasOBaTeMbHbIX CHCTeM 
OpraHu3ma (romeoctat). ; 

Tlomexamu B O6paTHOH HHPOpMAallHH ABJIAIOTCA CJIYUaHHBbIC BHELIHHE BO3- 
NelicTBUA, HapylwlaloulMe HOPMaJIbHY!O 2%KH3HeMeATebHOCTb (KaK CpeACTBO 
cBa3u cbeHoTHMa co cpeloH) ocobei,— KIMMaTHUeCKHe HeB3rOb!, OoesHH, 
Mapa3uTbl M XHUHHKH. I loBpiuieHve Hae*KHOCTH STOW uHcopMallnn oOecneunBaerT- 
CA CHCTEMOM KOPPeCATHBHBIX B3AMMO3ABUCHMOCTEH, OMpPeesAIOULMX MAKCHMAVJIb- 
HYy10 yCTOMYUBOCTb OCOOel, a TAK?KE IOBTOPHOCTbIO BCEX CYIICCTBEHHBIX SJIEMCH- 
TOB OpraHH3aluu B Kaxol ocoOu. CyllecTBeHHY!0 pOJlb MTpacT MH M30N AMA 
OT MOMeX, T. €. CpeycTBa MaccHBHOM 3aulMTbI OT HeOMArONPHATHHIX BOSeUCTBAN. 
TlomexoycToliunBocTh yBeHUMBaeTCA Tak?Ke Ip YCTaHOBJICHHH  BbICIUMX 
CHCTeMHBIX CBA3eH B CTayaX, KOJIOHHAX HT. TT. 
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B mporpeccHBHOH SBOJIOWMH OpraHH3Ma — M10 MYTH afalTauMu HW YCO%KH 
HHA OpraHHsalun — BeyWlyIO pOlb urpaeT ABUAKyulad CPOpMa eCTeCTBEHHO. | 
oT6opa. OHOBpeMeHHO C ycwIO>%KHeHHeM (beHOTHMAa, KaK HOCHTeIA OOpaTHy 
WHPOpMallNH, MpOHCXOAMT pH 2TOM HM YCOKHEHME HaCeMCTBeEHHOTO ammapaT |p 
KaK M€XaHu3Ma Mepejauu mpsmol umdopMallMH M OCHOBBI ee NpeoOpa3s0BaHtf 
B HHAMBULyaIbHOM pa3BHTHH. i] 

B 2 BOJIOUMM OpraHv3Ma Kak lesoro, B pasBHTHH ero YCTOHYMBOCTH OCHOBHY |e 
PpOJIb HTpaeT, OLHAKO, cTaOuJu3upyioutast dopa oT6opa (*). Uepes 51uMHHalH 
BCeX CyUaliHbIX HapylueHul cbeHOTHNAa OHA BeeT K OPraHH3sallMH Oowlee Halerfh 
HBIX CpeMCTB CBASH, K HaHOoJIbluel MOMeXOYCTOHYHBOCTH B Mepesaye Hacwe,|h 
CTBeEHHOH HHPopMalluH, B ee mpeoOpa30BaHnuu B HHJHBULYaJIbHOM passat 
peasiM3aluu cbeHOTHNOB Kak HocHTeseH OOpaTHOH MHopMalluH. 

J[puxyiaA (bopma oT6opa MeHAeT MOpco-bu3HOJIOrH4eCK yO opranusaun 
lO Mepe H3MeHeHHH B YCOBHAX CYU\eCTBOBaHHA HM NOXHMMAeT ee Ha BbICHINE 
YPOBeHb 2KH3HEeCATCJIbHOCTH. 1 | 

CraOumusupyoua sd cbopMa oTOopa 3akpeliaeT MOCTHrHyTHIe pesysbTaTb f 
CBA3bIBaeT HX B YCTOHYMBYIO WesIOCTHY!O CHCTemy UH OOecIIeuHBaeT MaKCHMaJIt ' 
HYIO HaJl@*KHOCTb ee BOCIPOH3BeeHHA. 


Tloctynuno | 
24 Il 1958" — 


UMTHPOBAHHAA JIMTEPATYPA 


1¢C. [Toagmaun, Teopua unpopmaunn, WI, 1957. #39. Ul peauurep, Uto taxol 
X*KH3Hb C TOUKH 3peHuA PusukH? VWI, 1947. % UW. HW. Ui maapbraysenun, Paxtopp sB0mce 
uuu, 1946. 
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Aoxrazayn Akagemun nayrk CCCP 
1958. Tom 120, Ni 4 


PHHLPOBHOJOLH A 
M. C. KOC 


IEKOTOPbIE JIAHHbIE O COPEPODA TIPHBPE)KHOrO IJIAHKTOHA 
| IOKKHO-K YPHJIBCKHX OCTPOBOB 


(ITpedcmaeaeno axademuxom E. H. [laeaoecxum 6 II 1958) 


PatoHom uccneqopaHua saBsinetch IOmxuo-Kypuabckui mpomus (mope- 
demypo) —o. UWuxotan (cOoppr E. ©. Typpanosoli) u woro-3anafuand YacTb 
|. Kywaump (cOopsr O. Kycakuua). [JmaHxTonupe mpo6n Opasmuch Kypusio- 
aXaJIMHCKOH 9kKCHequuMeH B Nepwonc 1 VIII no 181X 1949 r.u ¢ 8 no 
VIII 1951 r. Opyguem stoBa cryxuna ceTb Amurelina c ra3om Ne 64(17) u 
No 77(25). Tipo6pi Opasucb Cc JOAKH B NIpHOpexKHbIX yYacTKax OyXT MU 3aHBOB Ha 
yOunax oT 3 Jo 11 m. B 6yxtax o. Inxotan sB3aTo 45 npo6, B 3am. U3menni 
. KyHawup 13 npo6. Takum o6pa30m, 2THMH COopaMmu OCcBellleHb! Han6oslee 
 POTpeBaeMble MeKOBONbA MpONMBa B HanOOMee TeMIbIe MECAMbI TOMA. OCHOB- 
fO€ BHHMaHHe ye ANOCh KONeNOLaM, B3POCJIbIe (POPMbI KOTOPHIX OMpeAeJeHbI LO 
na. Halll MaTepvasl MpefcTaBaeT 3HAUHTeEIbHbIM MHTepec, Tak Kak JO CuXx 
“Op B JlaJIbHeBOCTOUHBIX MOPAX NpHOpexXHbI NIaHKTOH OyXT MW 3aJIMBOB MOUTH 
ke HCCIeMOBasICA, HM B JIMTepaType, 3a MCKsIOUeHHeM HeOOJIbIUOH padoTH 
Taran (*), HeT cBeqeHHi mo 3ToMy Bompocy. 
lOxHo-KypHsibckHi NpOHB NpelcTaBAeT OObWOMMHTepec MO CBOMM THJ{po- 
MOrH4UeECKHM OCOGeHHOCTAM. CBoeoOpa3He ero COCTOHT B TOM, YTO 3J/eCb Mpoucxo- 
KHT CTbIK BOL, Ppa3JIMYHbIX 10 MPOMCXoOXKeHuloO M TeMMepaTypHomy pexkumy (*). 
PananHee KypuabckoH rpsAyb Cc oro-3anafqa Ha CeBePO-BOCTOK MpOXOMT 
reuenne Coiia c TemnepaTypou BOsb B MeTHHMM Nepvog Ao 20° Ha wupoTe XoK- 
kalilo u Jo 15° na wmpote Mtypyna. C BocTokKa pation NosBepxKeH Take MepHno- 
MYeECKOMY BJIMAHMIO CeBepo-3alaqHbIX BeTBeli Kypocvo. Teyenne Osa-Cuo, 
mpoxoyjaujee BocTouHee Kypusipckol rpsybl, HOCHT B STHX WuMpoTax HeycToH- 
IMBbIM XapakTep, OCOOeEHHO B Telloe BpeMA Toda, Kora HanOovbluee HallpAxKe- 
tue MosmyuaeT Teyenue Colin. Tugqponornyueckult pexKuM 3eCb B 3HAUHTeIbHOH 
lepe ompefemmetca TaK2Ke OXOTOMOPCKHMH BOMaMH C JleTHEli TemnepaTypolt S—6° 
i CHJIbHO MpOrpeBaeMbIMH MH CpaBHHTebHO MaJIOCOJICHbIMM BOJAMU MeJIKOBOIbA. 
Y o. Uuxorau (6. Kpa6osaa) cpequaa TemnepaTypa NOBepXHOCTHBIX MpHOpex- 
{bIX BOM, paBHa B aprycre 14,4°, B cenTa6pe 15,5°, MakcHMyM 16,6°. 3an. Usmenpi 
io. KyHatmp) eure TenmopoqHee; Id aBrycTa MaKCHMyM TeMMepaTypbl B HEM 
kocTuraeT 26°, T. e€. TpomH¥eCKHX BeJIMUMH. 
B nawmx MaTepualax oOHapykeHo 17 BuyOB,;KOMeNox, a HMeHHO: 


1. Paracalanus parvus Claus 10. Acartia clausi Giesbr. 
2. Pseudocalanus elongatus Boeck. 11. Ac. longiremis Lilljeb. 
3. Microcalanus pygmaeus Sars. 12. Ac. steucri Smirnov 
4. Eurytemora pacifica Sato 13. Ac. tumida Willey 
5. Eur. thompsoni Willey 14. Oithona similis Claus 
6. Eurytemora sp. 15. O. plumifera Baird. 
7. Centropages memurrichi , Willey. 16. O. nana Giesbr. 

8. Centropages sp. 17. Oncaea sp. 

9. Pseudodiaptomus marinus Sato 


Kpome toro, sBctpeyentr Tintinnoinea, Cladocera (Evadue nordmanni), 
)stracoda, HerlonoBospenbie dopmEr ampunog (Partatemisto Sp. u Ap.), THYMHKH 
fconorux (nauplii, cypris), encdbay3suuyq, MOMXeT, racTpONOAM OAMH BHA MCLs. 
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EcrecTBeHHO, 4TO NosaBsAtoulee OOJbUIMHCTBO KOMeMO B STOM CIIMCKe 
10 4UHCY BUAOB, H MO YHCMCHHOCTH COCTABJIAIOT HepeTHYeCKHe BUIbI (62,5% )} 
Han6omee maccoBoe pasBuTHe cpequ Hux momyyatoT A. clausi, E. pacificel 
C. memutrichi, kotopple MOXXHO CYHTaTb XapakTepHbIMH Wiad [OrKHO-KypHues 
ckoro 1pouuBa (bopMamu. OxeaHHuecKHM 2Ke BU_aM OTBOAMTCA He3HAYHTebHOK 
mecto, Bcero 12,5%, u ocTambHas uacTb (25%) mpescTaBseHa BUaMH, CBOHCI 
BeHHBIMM KaK MpHOpexKHbIM BOJaM, TaK WH paHOHaM OTKPbITOTO MOPpA. 

Uro Kacaercad rpyMMupoBKH BHOB NO OTHOWeHHIO HX K TeMMepaType, Th 
nomyyaeM cCweyroulMe COOTHOIMeHHA: apKTH¥eCKO-OopeabHbIX — 2 BMJ} 
(P. elongatus, A. longiremis); 6opeanbupri — 1 Buy (E. thompsoni); 1oKHCh 
Oopeambubrx —4 Buna (A. clausi, A. tumida, E. pacifica, C. memurrichi 
TemioBowHErx —5 Bugos (P. parvus, A. Steueri, P. marinus, O. plumiferes 
O. nana); wupokopacmpoctpaHenusix —2 Buta (M. pygmaeus, O. similis} 

Takum o6pa30M, Oobllad 4aCTb BUJOB OTHOCHTCA K pyle TeNOBOXHETG 
(35,7%), uw 1oxkHOOOpeambubIx (28,5%). SHauNTebHO ycTyMaioT HM rpynt) 
apKTMuecKo-Gopeambubrx (14,3%) wm wupoKo pacnpocrpaHeHHnrx (14,3% 
BHOB; K rpymme GopeaubHbIX OTHOCHTCA Bcero 7,2% BYOB, H OUeHb XAPAKTePHCh 
4TO APKTHYCCKHE BULLI B COopax He BCTpeyeHbI COBCeM. XOTA TenMOBOLHAA rpyrf 
la 10 KOJIM4¥eCTBY BUJOB 3aHMMaeT MepBoe MECTO, MbI CUHTaeM, 4TO SayHa KONE 
m0, JOxkuo-KypuabcKoro MpouBa ABJIACTCA YMePeHHO TeMJIOBOAHOH, TaK Ka 
KOJMUCCTBEHHO MpeoOalaloT cueyioulwe 10*HO-OopeatbHbIe BUI: A. claus| 
IUMPOKO pacMpocTpaHeHHbI, yMeDeHHO TellJIOBOAHHIM Bud; E. pacifica, uqyma 
Ha ceBep Jo 1oxKHOH uactu UyKotcKkoro mops; P. parvus, KOTOpbIH, XOTA H MOE 
ObITb OTHECeH K CYOTpoMMyueCKHM BUaM, HO 3aXOMUT Ha ceBep Jo 50° c. uh 
B TaTapcKoM mpouuse, a B ATmaHTuKe B 102%KHy10 YacTb Bapentospa mops (* 
Hu ogHoro HacTosllero Tpomnueckoro HIM XOTA ObI cyOTponuyecKoroO, He pa 
MpOcTpaHAIOWlerocad B YMePeHHble WHPOTHI, BUa He ObliIo BCTpeyeHo. YMepeHH 
TeIJIOBORHBIH XapakTep dayHbl KoMenod MOAYepKuBaeTCA TakK2%Ke UH TEM, UTO Mat) 
CoBoe pa3sBuTHe Nomyyaer 3yecb O. Similis, umpoKxo pacnpocTpaHeHHbI BULE 
HaceJIAIOMMH BCe MOPA CeBepHOrO UH 1OXKHOFO NoMywapH. SoonmaHKTOH Oyxi 
M 3a1MBOB lO>KHO-KypuIbcKOro MpOJHBa HOCHT Oosee XOJIOMHOBOAHEIM XapakTe, 
Jake M10 CpaBHeHHI0 C MpHOpexXHbIM MIaHKTOHOM 3a. Ilerpa Benuxoro, ray 
B,1pHOpexXHOM IlJlaHKTOHe HaMH ObIWIH BCTpeyeHbI Takue (bopMbI, Kak Cenip 
ropages tenuirfemis, Labidocera pavo, Lab. bipinnata, Lab. japonica, Acarti 
pacifica, Ac. plumoSa, umerommme cy6rpomuueckuit umm jaxke TpomuueckH) 
apeadt. 

MoxHo cKa3aTb, YTO 300reorpaduyeckHli O6MHK 300IIaHKTOHA He COOTBETf 
cTByeT reorpaduyeckomy Mo/o*enut0 o-BoB IluKotay u Kynawmup. IIpuunno} 
3TOrO ABJIAeTCA TO, TO BOB Kypocno JIMUIb NepHoaMH, CBASAHHbIMH C OMpel 
JeIeCHHBIMH BeTpaMH, 3anomHAIoT lOxwkHO-KypuabcKui mpomus. B ocrambHo 
BpeMA 3fecb MpeoOMaawT Oosee XOJONHbIE BOJbI, 10-BUAHMOMy, 43 OxorTcKor. 
MOpA, a Ha cCeBepHylo yacTb oO. INnkoTaH oKka3bIBaeT BIMAHHE TakxKe BeTBE 
XOMOMHOTO CTOUHOrO TeyeHHA OxcHo. TenoBoAHbIe SIeMeHTbI MPOHUKAWT C Tél 
ueHHeM Coa JIMMb B IOX%KHYIO YacTb pationa — 6. Horopa (o. LuxKortan) u 3a 
Hsmenpi (0. Kynauup). [peo6naqanue yMepeHuo TemsoBoqHol cbayHbl KoMeMo| 
B ceBepHok uactu IOxHo-Kypuibckoro MpowuBa HW HasIMUve TEMIOBOHEIX Sue 
Me€HTOB B €fO }OHOM YaCTH MOXKHO CUHTATb HaMOOsee XapakTepHOH KapTUHO) 
pacnpeAeNeHNA 300NAHKTOHA He TOJIbKO JIA OTKPbITOH ero yacTH (?), HO H AM} 
OyXT HW 3aJIHBOB 


SoomormuecKHH HHCTHTYT Iloctynuso 
AkaylemHu HayK CCCP 25 I 1958 


UMTHPOBAHHAA JIMNTEPATYPA 


*K. A. BpogacKku ht, Becsonorve pauxu Calanoida J.-B. mopeft CCCP u Tonsapuor} 
SaccenHa, OnpefenuTetb mo payne CCCP, 35, 1950. 7 Arnac okeaHorpadwyeckux OCHOB pbI6¢ 
MOHCKOBOH KapTb! [OxHoro Caxannna u lOoKuptx Kypuapcexux octposos, JI., 1, 1955. 3B 
T arau, Ucca. mopelt CCCP, B. 19 (1926). 4 II. B. Ymakos, JAH, 80, N 1 (1951) 
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Horaanp Akagqemun nayrx CCCP 
1958. Tom 120, Ne 1 


MHKPOBHOJOFH f 


E. JI. PYBAH 
CHHTE3 BUTAMVMHOB B KYJIBTYPAX NITROSOMONAS EUROPAEA 


(IIpedcmasaeno axademuxom B. H. Manownuxoeom 6 I] 1958). 


IlorpeOxHoctb B BUTaMHHAaX Yy aBTOTPOPHEIX MUKPOOPraHH3MOB UM UX cHo- 
}POHOCTL kK CHHTe3y BHTAMMHOB HW BATAMMHONOJOOHEIX BellecTB U3y4ueHbI Kpaline 
ano. 
]} Xodmaxu c corp. (°) Ha6moqamu ycKkopenue pa3smHoxeHua Nitrosomonas 
pu WoOaBeHuu OHOTHHa B HeOpraHMueckyo cpesy. Tyngepcen (4) RoGaBnaut 
) CMeIUaHHbIM KybTypam Nitrosomonas u rerepoTpodubix OakTepuit uM K YMCTHIM 
yabtypam Nitrosomonas THamMun, puOodaBHH, OMOTHH, NapaamuHnobeHsolinyi0 
}ucuory By,  HMKOTHHAMH, MMpHAOKCHH, MaHTOTeHOByIO KUCJIOTy 
IMeCb = STHX = BUTAMMHOB. Oxka3alocb, YTO HH OTCIbHbIC BHTAMMHbI, 
hd WX CMCCH He BJIMAIOT Ha Mpolecc HATpHPHKAL HH B YHCTHIX, HH B CMeLIAHHbIX 
HyibTypax. Ocrposckui wu CxKauuuckui (°) uccreqopanmu Th. thiooxidans 
Th. thioparus Ha coJepxkaHve B HHX BUTaMHHOB, MOb3yACb MUKPOOHOMO- 
YeCKHM MeTOJIOM. [IM yaulocb ycTaHOBHTb, 4YTO B KJI€TKaX 9THX ABTOTPOCHBI X 
spoOakTepuHi cofepxKaTcaA cileyloulue BUTAaMHHBI rpynmp B: THamuyH, pHb6o- 
aBHH, HHallMH, OHOTHH MaHTOTeHOBaA UM MTePOUITIOTAMHHOBaA KUCJIOTHI. 
adeCTBEHHO, 10 COCTaBY BHTAMHHOB, JaHHbIC MHKPOOpraHH3Mbl He OTIMUAIOT- 
H OT TreTepoTpo*pHbIX MMKPOOPlaHH3MOB, HO B KOJIMYCCTBCHHOM OTHOLICHHH 
JIACHHJIACb 3HAUHTebHAaA PasHHlla: aBTOTPOPHbe OAKTEPHH COMepxaT ropa3syo 
eHbille OHOTHHA, HHallMHa HW MaHTOTeHOBOH KHCJIOTbI MO CpaBHeHHIO C rerepo- 
bOopHbIMH MHKpoopraHu3Mamu. OOa MHKpOOpraHv3Ma COJepxKaT BUTaMHH By. 
IIpu usyyenuu Nitrosomonas europaea B YHCTOH KyJIbType HaMH OblIn cye- 
aHbI MOMbITKH NOOopa ONTHMAaIbHOH CpesbI, OOecneunBaloMeH Jy4Wy!0 HUTpH- 
WKallWI0 H HakOMIeHve OvoMmaccHl. 
| Kpome Toro, mpefcTaBJIAslo HHTepec BbIACHHTb, CIpaBeIMBO JIM MHeHHe O 
NOM, UTO OONIbUIAA AKTHBHOCTb CMellaHHbIX KyIbTyp Nitrosomonas oObsacHsAerT- 
ts TeM, UTO CILYTHUKH-reTepoTpotpr cHaOxKaoT Nitrosomonas BuTaMuHaMu. C stor 
lebI0 K MHHepasbHol cpene BunorpagzcKoro (mpesBapHTebHO OUHMeEHHOK OT 
larammHo (buJIbTpalluelt Yepes AaKTHBUPOBaHHEI yroulb) Obwid MoOaBseHbI Cile- 
foie BuTamuubl: B,, B, OMOTHH, MaHTOTeHOBaA KUCIOTa, HUKOTHHOBat 
lucsiora, MHO3HT, MapaaMMHobeHsoliHad KUCMOTa, pHOodlaBMH, ackOpOMHOBad 
ivicliota. BuTraMHHbl JoOaBIAIMCb OTIeIbHO HM B pa3JIMYHbIX COUCTAHHAX. 
Ham He yJamocb MOyYHTb CKOAbKO-HHOYb 3aMeTHOH .MHTeHCHpuKalnn 
faxonmenua NO, u 6uomaccet Nitrosomonas o6aBsleHHeM BUTAMHHHbIX CMeceli 
I OTNCIbHbIX BUTAMHHOB, H ObWIO BLICKa3aHO MpesmouoxwenHe, uto Nitrosomonas 
MOcoGeH CHHTe3HPOBaTb BCe HEOOXOAMMBIe JIA Hero BUTaMUHBI. Jha MO_TBepx- 
CHUA STOFO MpeANONOKeHHA ObWIM MPOBeLCHb! OMbITH! C KYAbTYPaMu ApoxoKeli, 
KeHUMTHBIMM B OTHOIeHHM HEKOTOPbIX BHTAMHMHOB™, 10 MeTOLY, pa3pa0oraH- 
omy [lomomuuKkosoii (°). a storo m3 uncrbix Kybryp Nitrosomonas nomyyau- 
A YIbTPadPWIbTpOBaHHbI aBTOM3aT NO MeTOAY, ONMCAaHHOMY paHee (1), H Jo- 
aBIaJICA B KOMuUecTBe | Ma K 20 Mia cpefbl Pufepa, 3aceAxHHOH AporK?KaMu. 
KOHTPOAMH CAYKUIM cpenbl Pugepa c BUTAMMHAMH H O€3 BHTAMMHOB. TipowoKn 
BbIPANLMBaIHCb 48 yac. mpH 28°, 3aTeM OT*PUJIbTPOBHIBAJIMCh WePEs MeMOpaHHbiit 
bunptp Ne 1; ocaqoK BbICYIWMBaJICA H B3BeLIMBaJICA Ha AHAMMTHYCCKUX BeCaXx. 


* KyJIbTyYpbl 3THX por «Ke ObiH moOe3HO MpeOCTaBJICHbl HaM T. A. Meypeyeson u 
. A. Ceaupepcrosoii, 3a YTO MbI BbIParKaeM HM PlyOOKyi0 O.laroapHOcTD. 
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PesybTaTbl mpHBeyeHb! B Tadt. 1. Kak Buguo, Nitrosomonas cmocoOeH Clif 
Te3HPOBaTb BHTaMHHbI B, By, OHOTHH, HHO3HT, MaHTOTCHOBYIO KUCJIOTY H HUF 
THHOBY!0 KUCJIOTY, M0-BAMMOMY, B 3HauHTeJIbHbIX KOJIMUeCCTBAX, TaK KaK 00 fh 
JieHue aprouusata Nitrosomonas B komHuectTBe 1—2 ma oOecneyuBasO HOpMa.fi 
Hoe pasBUTHe JeUuLUTHbIX [pom x*KeH. | Mi aBromusata, MomyyeHHoroO us 200} 
6uomaccp Nitrosomonas, coyep2Ka okowo 0,35 mr cyxoro BellecTBa. 


Ta6O mula 


Bausuve aptommsata Nitrosomonas Ha HaKOMeHHe O6MoMmaccbl ApoxKKeu, AePUUUTHBI/y 
OTHOIMI€HHH HEKOTOPHIX BHTAMHHOB 


Buomacca 
Tpormx*Keli , 
Tpoxxn Tlo6aBku Kk cpeye MP CyX. / 
Beca 
Endomyces magnusii, Astosusat Nitrosomonas 20R3 
Aepuuntupte no By nOvotuHy | Buramun By, e8 
BuotTuu (m2 
B, 4- 6uoTHH We IS 
Astoumsat + By 22,9 
Aptosu3at + 6uoTHH 2349 
Boga Pocra HeT, 
Saccharomyces carlsbergensis, | Asroausat Nitrosomonas 10 | 
AePHUATHbIe MO HHO3HTY B, + Bg + O6uoTuH + NaHTOTeHOBaA KHCJ. Pocta HeTh 
B, + B, + 6uotTun + nanToTeHoBas Kucu. ++ i il 
-+-HHO3SUT NORS 
B, + Bg + 6uotuy + HHKOTHHOBAaA KucJ. + doje! 
aBTOJIM3aT 
Boga Pocta HerH 
Saccharomyces fragilis, Astouusat Nitrosomonas 19,2 
B,;+ Bg, + OuotuH + naHToTeHoBas KkucI. + 6,5 
WHOSHT 
AePHUNTHBIe MO HHKOTHHO-| B, + Bg + OvoTun + nantoTeHospas KuCJI.+ 
BOM KHCJIOTE HHOSUT ++ aBTONN3aT 24,2 
B, + B, + Ouotuu + naHToTeHoBas KuC.+ 
HHO3HT +- HAKOTHHOBaA KHC.I. 25,7 
Bona Pocta HeT H 
Saccharomycoides Ludvigii] Apronusar Nitrosomonas 6,0 3m 
K. M., B, + Be + 6uoTun + nnosuT + naHToTeHo- 
Bast KUCJ. 5,0 ae 
ne@uuntupe m0 «Beg u manto-| By + Be + OuotuH + nHOsHT Pocta HeT#a 
TCHOBOH KHCJOTe Bg + 6uoTuH + nHosuT + naHTOTeHOBad 
KHCJ. Gwe 
Bg -+ OuoTHH + WHO3HT + NaHTOTeHOBaA 
KuCI. ++ aBTOJH3aT se) 
B, + B, + 6uoTHH + uHosHT + aBTouMsaT 9,4 
Boga Pocta HeT 


Kyabtypa Nitrosomonas ucenegoBanach TakxKe Ha Co_epxKaHve BUTaMUIE 
By. m0 Meroxy Maxapesuy u gp. (7). Uucraa kyabtypa Nitrosomonas Bbipamy 
BalaCb Ha Cpeyle C CePHOKHCIbIM KOGaIbTOM HM Oe3 Hero. B mpucyTcTBuM EP 
OalbTa OOpasoBasiocb 0,00325 y/mr BuTramuHa By; 6e3 KOOalbTa BHTAMHH 
06 pa30BbIBaJIca. 

CiefoBaTesbHO, aBTOTpOdHbIi MuKpoopranu3m Nitrosomonas europap 
croco6eH CHHTe3HpOBaTb HeEOOXOAUMbIe BUTAMHHDI, H MOO%KUTeMbHOe BAMAH} 
HEKOTOPbIX COMYTCTBYIOWIMX MHKPOOpraHH3MoB Ha pasBuTue Nitrosomor® 
He MOxXKeT ObITb OODACHEHO TEM, UTO OHH CHAOMKAIOT erO BUTAMHHAaMH. 


MuctutyT mukpoOuomorun Iloctynuso » 
Axkaylemun HayK CCCP 2 Il 1958949 


WHTHPOBAHHAA JIMTEPATYPA 

1A. A. Ummenenxuia, E. JI. Py6 aun, JAH, 95, NM 1 (1954). BOT: M 
KapeBuu, T. Il Bepxospnesa, T. H. Jla3HuKOBa, MuxkpoOnonorna, | 
B 1 (1958). °%H. NH. Momomuuxkosa, Butamunuble pecypcpl u ux HCHOJIb3OBaH | 
Coopu. 3, 1955, crp. 145 u 152. 4K. Gundersen, Phys. Plant., 8, M1 (1955 
®°H. Lees, Autotrophic Microorganisms, Fourth Symposium Soc. Gen. Micr., 1954, p. i 
§W. Ostrowski, B. Skazynsk i, Acta Mikrobiol. Polon., 8, 4, 351 (1954). # 
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Jloxaaygn Axkayemunu nvayr CCCP 
1958. Tom 120, N 1 


MOP@OJIOlH f PACTEHHH 


B. H. POJIYBEB 


0 MOP®OrEHESE JKHSHEHHDIX ®OPM TPABAHUWCTHIX PACTEHUM 
SATIAQHOW CHBUPH 


(ITpedcmaeaexo axademuxom B. H. Cyxaueeoim 3 II 1958) 


TlosHaHve UcTOpHueCKOrO pasBUTHA X%KM3HEHHBIX (POpM pacTeHHd COBepLIeHHO 
|/HEMBICIMMO 6€3 JeTasIbHOrO aHalu3a UX MopdoreHesa. B HacTosulee Bpema Ha- 
\3pesla HEOOXOJMMOCTb H3yyeHHA MopdoreHesa BCeH CTPYKTYPbI paCTeHUA, BKJIIO- 
yaad Hayj3eMHbIe HM Nossemuble opraubl. [lonbirku Takoro poga ucceqoBaHHlt 
yxKe HepeKH B Hallied muTepatype (*,°,°), HO JMIlb HeEMHOrHe aBTOPbI OCHOBBI- 
BaloT AHAaJIM3 MOpdoreHesa Ha SBOJIONMOHHOM MpuHnuune (°,”). 

B mpeaaraeMoM COOOMLeHHH MIPHBOAATCA Pe3YJIbTaTbI HCCMELOBaHHA Mopdo- 
| T€He3a 2KH3HEHHbIX (OPM TPaBAHHCTHIX PaCTeHHH JBYOJIbHbIX MOKPbITOCeMeH- 
‘HBIX JOXKHOTACKHOH HW JecocTenmHOH 30H SanayHoHw Cu6upH Ha MmepHazuaHe 
r. OmcKa, MpoBpoyquBluxca ocenpio 1956 r. uv B 1957 r. B ocHopy BblqeneHHA 
(KH3HEHHBIX (CPOPM MOJIOKEeHbI OCOOCHHOCTH CTPYKTYPbI MOAZSeCMHbIX OPTFaHos, 
iBMepBble paspadorauuple [. H. Betcouxum (+) u JI. HW. Ka3axepnuem (°), ofHaKo 
JBHHMaHHe ObWIO TIpHBJIeYeHO HM K Pa38BHTHIO Haf3eMHbIX OpraHoB pacTeHuii, 
|M3y4eHHe KOTOPbIX BeOCb C paHHUX thas POPMUPOBaHHA MpopoctkKa HU BO B3poc- 
\JIOM COCTOAHHH pacTeHHi. 
| B nocweqoBaTesbHOCTH aHalv3a M pa3MellleHHA MaTepHasa MBI 10 BO3MOx- 
|HOCTH MOMbITaIHCb OTPa3HTb COOTBETCTBYIOMIHe MopdoreHeTHueCKHe CBA3H pa3- 
| IMUHbIX THIMOB pa3BHTHA NWOOeroB H B LeJIOM %KH3HEHHDIX (OPM, HMEIOWLHX 3Ha- 
|YeHHe eCTECTBECHHbIX, IBOJIIOMMOHHbIX cBA3eH. Hue paccMaTpHBaIOTCA TOJbKO 
|TlaBHble XKH3HeHHbIe (hOpMbl — CTep2KHEKOPHEBbIec, KHCTCKOPHEBHIC, PbIXJ0- 
/KYCTOBbIC H JJIMHHOKOPHEBHINHbIe JBYOJIbHbIe pacTeHus. 

- Cpemm crepsKHeKOpHeBbIX TPaBAHHCTbIX NOJMKAPMHKOB MOKHO BBIJeHTb 
| HECKOJIbKO THMOB pasBHuTHA MoOeroBoli cucrembl. HanOosee oOwupHyto rpynny 
|\CTEpKHEKOPHEBHIX COCTABJAIOT PaCTeHHA, Y KOTOPHIX [laBHbIM noOer u modern 
| MOCIIELYIONIMX MOKOJeCHHH MOCIeAOBAaTeMbHO Npoxo_AT dasy mMouKu, dasy po- 
|serouHoro mo6era HM tbasy OMMCTBEHHOTO YJVIMHeHHOFO reHepaTHBHOrO N0G6era: 
\Eryngium planum L., Peucedanum Morisonii Bess. Cenolophium Fischeri 
(Spreng) Koch., Rumex fennicus Murb., Salvia stepposa Schost.., Silene Chlo- 
rantha (Willd.), Ehrh., Gypsophila altissima L., Potentilla sibirica Th. 
| Wolf., P. canescens Bess., Nonnea pulla (L.) D.C. uap.B poserouHom cocrosHHu 
‘mo6er HapacTaeT MOHOMOANaJIbHO, C Hepexoyom kK PoporeHesy BoOsOOHOBeHHeE 
CTaHOBHTCA CUMMOLMaIbHbIM. JIIMTeIbHOCTh MpOXO*KTeHHA poseToOuHOH dasbl 
B 3QBHCHMOCTH OT YCJIOBHH CYyIleCTBOBaHHA BeCbMa pa3JiHuHa — JO OfHOrO, 
“Byx vu Oovwlee er, UTO MO3BOMAET UX XAPAKTEPH3OBaTb KaK [M- HW NOMMIMKIKH, 

JlepusaTom STO rpylmbl ABMAIOTCA POSeTOUHbIe CHMMOMMAIbHbIe CPOpMEl. 
TIpumepom moxer cayxuTs Taraxacum erythrospermum Andrz. PasBurue no- 
6eros y Hero cOBepllaerca TakKe 0 Tpexda3sHOMy WHKJ1y, HO B OTIMUHe OT Mpe- 
(biyuux pacresuli dasa oprorpomHoro moOera mpescTaBsena Oe31HCTHBIM 
uBerouocom. JlaHHblit THM CTPYKTYPbI NOOeroB CTEPRHEKOPHEBHIX PaCTeHHH BO3- 
/HHKaeT B pe3yJIbTATe YKOPOUCHHA MEK NOY3IMH MMCTOHOCHOrO NOGera, UTO BedeT 
3a coOol POpMupOBaHHe JHCTOBOH pO3eTKH, H YAVIMHeHHA MOCAeAHerO MeKAO- 
Y3IMA, HeCyulero COlMlBeTHe. 


' 
' 
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llo yByxcasHomy UMKIy (mo"kKa — O/MCTBeHHBIN OpTOTpoOHbIHt mo6er. 
pa3BUBaloTCA MOHOKapmuMyeckne MOOerH CTep2KHEKOPHEBHIX PaCTeHHH: Oxytro 
pis pilosa (L.) DC., Euphorbia virgata Waldst. et Kit., Dianthus: versicolo' 
Fisch., Thesium refractum C. A. Mey., Medicago falcata L., Sisymbriun} 
polymorphum (Murr.) Roth. a ap. Mo6erm stux pacTeHult ABAIOTCA MOHOIMK | 
JIHUeCCKHMH. | 
Cnelyioulyio CTYMeHb CMelMaM3aluu CTepXXHEKOPHEBBIX IMpeCTaBJIAIO'p 
nosmyposerounpie pactenus: Potentilla opaciformis Th. Wolf., P. viscosa Don. | 
P. sericea L.Ux rmaBuaa cTe6sleBad OCb MOCTOAHHO BereTaTHBHa (MOHOMOAM ab} 
Ha) H HeceT Ha CBOell BepXylike PO3eTKY IpHKOpHeBbIX JHcTbeB. 3 masyx Hef 
KOTOPbIX PO3ETOUHBIX JIMCTbeB (POPMUPYIOTCA OOKOBbIe OJIMCTBEHHbIe TeHepaTHBY 
Hble MOGerM, MOCIe MAOMOHOWeHUA HallesIO OTMUpPaloMiMe Mo CaMOro OCHOBaHHA 
Sta JIMHUA MOpPoreHe3a CTep2XXHCKOPHEBHIX PaCTeHHH HaXOMUT CBOe 3aBepillef 
HHe B JIMIe HaCTOALLMX POSeTOUHBIX MOHOMOAMabHBIX (opm: Plantago maxim) 
Juss., P. stepposa Kupr., P. depressa Willd., Oxytropis uralensis (L.) DC 
B orsmune of WpempilyuleH TpynMbl UX WBeTOHOCHBIe MoOerH Oe3JIMCTHEI. 
K crep2kHeKOpPHeBBbIM NOJIMKapIHKaM HeMOCpeACTBEHHO MPHMbIKalOT CTePKHE 
KOPHEBbI€C MOHOKapmvyeckue PaCTeHHA, PasBUBalOlMecA B MpHpose wacTo Ka 
MHOFOJICTHUKH, HO HepeAKH BU]bI C JBYJIeTHHM 2KH3HCHHBIM WHKJIOM, OCOOeHHO 
YCJIOBUAX JIECOCTeMM HW IPH KYJIbType B MHTOMHUKe. C 3aBeplieHHeM TeHepallH] 
*KU3Hb OCOOH MpeKpalilaeTcn, pacTeHHe 3acbixaeT Hu OTMUpaeT. Ilo xapaKTepy pask 
BHTHA MOOerOBOL CHCTEMbI MOXKHO BHIJeIUTb [Be PpyNMbl MOHOKapMHyeCKHX pace 
TCHHH, ABJIAIOMUXCA MPOAOMKeHWEM COOTBETCTBYIONIUX KaTeropuHh NoMKapmMl) 
yeCKHX pacTeHHl. B lomb3sy MopdoreHeTHyecKOH OIM30CTH MOHOKAPpMHKOB ¢ 
‘MOJIMKapMHKaMH FOBOPAT (bakThl JBY-H MHOFOKPaTHOTLo IJIOMOHOMICHH AHEKOTOPBLY 
CT€p2KHEKOPHEBLIX MOHOKapMuKOB. Tak, B yCJIOBHAX SamaqHou CuOupu Cy? 
noglossum officinale L., Lepidium latifolium L., apmstommecsa o6pmHo AByJe 
HAMM MOHOKapluKaMn, HepeAKO pa3BHBaloTcaA Kak NOJIMKaplwyecKHe pacTeHusyt 
K mepBol rpymne, 3aKouatolllel MoaBAroulee OObIIMHCTBO MHOTOseT 
HUX HW JBYJIeTHHX MOHOKApMUKOB, OTHOCATCA pacTeHHsa, NoGerH KOTOpHIX Mpo! 
XOAAT (ba3bl MOUKH, PO3eETOUHOTO NOGera HU OJHCTBEHHOFO OPTOTPOMHOTO TeHepa 
THBHOrO MoGera. B poserouHoli dbase pacTeHve MOXxeT CyeCTBOBaTh HHOFAI 
HECKObKO JIeT, HapacTad MOHOMOLMaIbHO. Sto 6ynyt: Libanotis sibirica (L.! 
C. A. Mey., Lepidium latifolium L., Cynoglossum officinale L., Artemisii} 
Sieversiana Willd., Melandrium viscosum (L.) Cel., Berteroa incana DC. 
Sisymbrium Loesellii L., Verbascum phoeniceum L., Corydalis capnoide} 
Wahlb., Arabis hirsuta Scop., Potentilla norvegica L., Pleurospermum ura 
lense Hoffm., Turritis glabra L., Lactuca scariola L., Lappula echinatit 
Gilib., Camelina microcarpa (Wallr) Andrz.*, Dracocephalum thymiflorur) 
Een ops aT 
J\pyxa3HbIM WHKJIOM pasBHTHA MoOeroB (MouKa — OJIMCTBEHHBIM OpTOTpO 
HbIM TeHepaTHBHbI MoOer) xapaxTepusyrotcs Melilotus officinalis (L.) Lam.) 
M. albus Desr. 
B pesyibTaTe YCKOPeHHA PasBHTHA UW COKPAleHHA JMTebHOCTH X%KH3HI} 
No ofHoro roa HM MeHee BOSHHKAIOT CTepXKHEKOPHeBHIe ONOMeTHHKH. Ty 
XapakTepy MopdoreHe3a CTPyKTYPbI Cpe OLHONCTHHKOB HaGwOZaoTca Moun! 
Bce Te *Ke THIIbI PaSBUTHA, YTO y CTepXXHCKOPHEBLIX MHOTONeTHUX HM Byset| 
HHX pacTeHHu. . 
TpexdbasHoe pasBuTue noOerop (mouKa — po3eTKa —OJIMCTBeHHEIH opTe| 
TpONMHbIM TeHepaTHBHbIt MoOer) cBolicrpeHHo Leptopyrum fumarioides (L. 
Reich., Draba nemorosa L., Chorispora sibirica (L.) DC., Camelina glabratal 
Erysimum cheiranthoides L., Crepis tectorum L., Lepidium ruderale L.] 
CXoMHbIM TpexhasHbIM WHKJOM pasBuTHA MoOerop XapakTepusyiorea Andre} 
Sace Septentrionalis L., A. maxima L. Oqnako ux WBeTOHOCHEIe MOGern, B OTIIH| 
uHe OT TIpeAbiAyuHX pacTeHuii, GOe3sMcTHpte. 


* 
STH BUAbI PaSBHBAaIOTCA TO Kak JIBYJIETHHE, TO KaK OJHOJIETHHKH, BBHJY 4Yero BKJIOUaIoTC 
TakK2Ke B COOTBETCTBYIOULHE TPyYIItbl CTEP2JKHEKOPHEBbIX OJHOJIETHHKOB. 
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Ilo aByxdasHomy wnKJIy (nouka — omucTBeHuniit TeHepaTHBHbIH oer) 
Ja3BUBaloTcA Modern Astragalus contortuplicatus L., Atriplex nitens Schkuhr., 
Alyssum desertorum Stapf., Stachys annua L., Brassica juncea (L.) Czern., 
Cannabis sativa L. 

TlocroaHHo BeretaTuBHa rviaBHas ocb y Plantago polysperma Kar. et Kir. 
a ee BepxyluKe (opMupyercaA MHCTOBAA poseTKa, a B Ma3yXaX PO3eTOUHBIX 
MMCTbeEB Pa3BHBaIOTCA Oe3JIMCTHbIe IBeETOHOCHHIe Nobern. 

PaHHsaAA yTpata (PyAKWMOHATbHOTO 3HaYeHUA TaBHOTO KOPHA MpHBOAUT 
(opMUpoBaHMto XUSHeCHHOM PopMbI KUCTeKOpHeBHIX pacteuuit. To CpaBHeHHIo 
C CT€PXKHCKOPHEBBIMH Y HUX Oowlee pa3sBHTO KOPHeBUIe, 3aHHMalollee OpTO- 
pomHoe HIM IlIarHOTpomHoe NosowenHne. OT KOPHEBUILAa OTXOLNT MyyOK Oosee 
WIM Me€Hee MHOFOUHCJICHHEIX MPHaTOUHbIX KOpHell. 

Pa3BUTHe KHCTeEKOPHEBOLO THMa CTPYKTYPbI H3 CTepKHEKOPHEBOFO JOKa3biBa- 
eTCA CJIYUaAMH peKaNHTYJAWMM CTepxXHEBOM KOPHEBOHM CHCTeMbI B IOBCHHJIbHOM 
BO3pacTe y MHOFMX KHCTeEKOPHEBBIX (7), HaJIMUHeM MepeXOMHbIX CTep2KHe-KHCTe- 
KOpHeBLIX (opm (°, °) H d@akTamu MpeoOpasoBannA CTepxHeKOPHEBLIX pacTeHHit 
B KHCT€KOPHEBbIe B OCOObIX SKOJIOTHYCCKUX YCJOBHAX, OarOmnpuATCTBYIOWHX 
pasBUTHIO KHCTeKOPHeBOH CTpyKTyppl (*). B stoi cBasH mpescTaBsMOT HHTepec 
|M3MCHeCHHA CTPyKTYPbI NMO3eMHEIX OpraHoB Pulsatilla patens, npoucxoxsmne 
'B Wpomecce onTorene3a. B nepBpie robl KUSHH y Hee pasBHBaeTCA HACTOAIMMi 
cTepxkHeBOH KOpeHb. C BOo3pacTOM OH MapTHKysupyer, POpMUpyrloTCH Takxe 
‘MIpWaTOuHble KOPHH, MOSTOMY CTPYKTYypa MOJI3EMHBIX OPraHOB B3pocuoro pacTe- 
HMA JlOJOKHa ObITb OTHECeHaA K KHCTeKOpHeBoMy TuNy. IlepexoqHan cTepxuHe- 
KACTCKOPHeBaA CTPyKTypa OOHapyxKeHa H VY 3aMaqHocHOupcKHX pacTeHul: 
Dracocephalum nutans L., Barbarea arcuata (Opitz) Rchb., Lithospermum 
officinale L. Ilo mopcborenesy mo6eroBolt CucTeMbI CpelH KHCTCKOPHEBHIX MOJIH- 
‘KapmMyueckHX pacTeHul HaGwoaloTcA TakHe Ke THMb! Pa3BUTHA, YTO H y CTep2KHe- 
KOPHEBBIX pacTeHHH. 

Tpexda3HbIM WHKJIOM pa3sBHTHA MOHOKapnuyeckn x MoOeros (MouKa— po3eTou- 
HbIM MOGer — OJIMCTBCHHbIMi yYAJIMHEHHbIM TeHepaTHBHbI MoOer) XapaKkTepu3yrorT- 
ea Serratula coronata L., Ranunculus polyrhizus Steph. Senecio integrifolius 
(L.) Clairv., Campanula wolgensis P. Smirn., Myosotis silvatica Hofim., Hi- 
eracium echioides Lumn., Pulmonaria molissima Kern., Geranium asiaticum 
Serg., G. collinum Steph., Thalictrum minus L. vy. elatum Lecoyer, Pedi- 
cularis sceptrum carolinum L., Sium latifolium L., Cicuta virosa L. u ap. 

Pa3BuTHe MOHOKapmuuecKUX MOGeroB No THY MouKa — po3seTouHBI noOer — 
6e3IMCTHHIM renepaTHBHbIM OPTOTPONHHIM MoGer HaOwofaetTcs y Crepis praemorsa 
ee). ausch., 

Tlo apyxcasnomy wnKiy (nouKa —OJMCTBeHHEIM YyviMHeHHDIM mo6er) 
WpoTekaeT pa3BHTHe MOHOKapmMueckux noberop y Galatella punctata Lindl., 
Veronica prostrata L. Hieracium virosum Pall., Ptarmica cartilaginea 
Ledb., Veronica Krylovii Schischk., Cacalia hastata L. 

Cpeu OjHONeTHHX KHCTCKOPHEBDIX paCTeHHHi OTMeYeHbI CJleqyloulHe [Ba 
Tua pa3BHTHA noGeroB: |) TpexasHpiii THN pasBUTHA (NouKa — poseTouHDiit 
no6er — osMcTBeHHDI YWIMHeHHBIi renepaTuBHpIi mo6er) — y Ranunculus 
Sceleratus L., 2) ror xe Tpexcpa3HbIii THN, HO TeHepaTHMBHbIe NoOerH Oe3/1MCTHbIe 
y Myosurus minimus L., Androsace filiformis Retz. 

YpeuuyueHne TOMMYHOFO MpupocTa KOPHeBHI H CTeMeHH HX BeTBJIeHHA IIPH- 
BOAMT K OO6pa30BaHMl0 PHIXMOKYCTOBLIX pacTeHni. 13 AByOuIbHbIX HAMM BCTpe- 
YeHO TOJIbKO OJHO PblIXJIOKYCTOBOe pacTeHHe Aster alpinus i pasBUuTHe 106e- 
FOB KOTOPOFO MocseLOBaTeMbHO MPOXOLUT dasy NOUKH, (pasy poseTouHoro MoGe- 
Ta w (pa3y OMMCTBeEHHOTO YyAIMHeHHOrO reHepaTHBHOrO NoOera, 3aHHMaloulero 
OpTOTpomHoe NMovIo*eHHe. 

Jlanbueliinee yBesmuueHve TOAMYHOTO NPMPOCTa KOPHEBUUL IPHBOAMT K pas- 
BHTHIO JJIMHHOKOPHEBHIMHBIX pacTeHHl. MopdoreHeTHueCKH AJIHHHOKOPHEBHIL- 
HbIM THIT CTPyKTYPbl CBASbIBACTCA KaK C PbIXJOKYCTOBDIM (KHCTCKOPHEBbIM) 
THIIOM, TaK MH HeMOCpeACTBeEHHO CO CTeP2KHEKOPHEBbIM (*). B oTmmune oT pac- 
CMOTPCHHbIX 2KH3HEHHBIX (OPM Y JVIHHHOKOPHEBHINHbIX B pasBHTHH MOHOKApIH- 
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yeCKHX 1O6eroB WOCaBAAeTCA (pasa MlarHoTponHOrO KOpHEBUUa. B OCTAaJIbHOM) 
Ke THIbI PaSBHTHA MOHOKapMMyecKHX MoOerosB OyyT Te Ke, TO y BbIMeNPHBE- 
ACHHbIX KH3HCHHBIX (OpM. 

UerpipexcbasHoe pa3BuTue (mouKa — MarMOTpomHoe KOPHEBULe — Po3eTOU-t 
HI moOer — OJIMCTBeHHBIM YAMHeHHbIM TeHepaTHBHbM moOer) OTMeueHO | 
Artemisia latifolia Ledb., Thalictrum minus L. v. nanum Lecoyer. | 

MouonolvaIbHbIMH ABJIAIOTCA TviaBHaA OCb Hw OoKOBbIe MoOerH — KOPHE-} 
puma y Viola epipsila Ledb., necyme O1H3 BepXYIDKM Napy pasBHUTbIX 3ese-h 
HbIX WHCTbHeB. L]BeTOHOCHBIe NOGerH JMIUeHbI ACCHMHJIMP YIOWNX JIMCTbeEB HW (POPMH-| 
pyloTca B Na3yxXaxX MPHKOPHEBbIX JIHCTbeB. : 

PaspuTue MOHOKapmuyeckHxX moOeroB mo THNYy: Mouka — MlarMoTponHoe} 
KOPHEBHIe — OJMCTBEHHBIM YWIMHeHHbI TeHepaTHBHbIli moOer MpoHcxogHT) 
y Thalictrum simplex L., Th. flavum L., Lamium album L., Vicia megalo | 
tropis Ledb., Ranunculus lingua L., Stachys palustris L., Artemisia laciniatag 
Willd., Lycopus exaltatus L., Veronica spuria L., Lythrum virgatum L., Moeh-} 
ringia lateriflora (L.) Fenzl., Astragalus danicus Retz., Potentilla bifurea 
L., Thesium repens Ledb., Stellaria Bungeana Fenzl. q 

Han6ouee O6UHM BLIBOJOM ABJIAeTCA TO, YTO B SBOJIIOMMOHHOM PasBUTHH Hal-§ 
3€MHBIX H TOJ3CMHBIX OpraHOB PaCTeHHlt Pa3HbIX 2KHSHEHHBIX (POpM HaOwOMaer-§ 
CA OTHOCHTeJIbHaA HE3ABHCHMOCTH: B TO BPeMA KaK MOPHorenes NepBbIX Onpeye- 
JIA€TCA YCNOBHAMH BO3LYIUHO-Ha3seMHOl Cpelbl, PasBUTHe MOJ3eMHbIX OPpraHoB}i 
HallpaBAIOCb YCJIOBHAMH NOUBeEHHOHM CpeJIbl. i 

Heo6xouMo Tak>Ke OTMETHTb, YTO B SBOJIIOUHH 2%KH3HEHHEIX (POPM TPaBAHH- fi 
CTBIX paCTeHH GOMbLIYIO POb Upasia NoTepA (PPYHKUMOHAIbHOTO 3HAYeHUA TaB- i 
HOO KOPHA H Mepexoy, Ha MUTaHHve C MOMOIMIbIO MpHAaTOUHHIX KOpHeH. OcHoBon y 
JasibHeliliero MpeoOpa3so0BaHHA CTPyKTYPbI OblIO H3MeHeHHE HallpaBJICHHA HW Be-. 
JIMUHHbI TOAMYHOTO MPHpocTa KOPHEBHIL, CTeMeHH HX BeTBICHHA H MpOROKH-: 
T@IbHOCTH 2KH3HH. 


Inapunrit OoTaHHuecKkH cay, Tloctynuo 
Axaylemun Hayk CCCP 1 XI 1957 
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Hoxuayn Akayemuu nayx CCCP 
1958. Tom 120, Ne 4 


MOP®@OJIOTHA PACTEHHH 


H. HW. JISWIEHKO 
O BETBJIEHHH CISALWIMX NOYEK KYCTAPHHKOB 
(ITpedcmaéaeno axademuxom B. H. Cykaueeoim 3 II 1958) 


Crave MOUKN ABJIAIOTCA BaXKHEIM Pe3e€PBOM WIA BOCCTAHOBeCHHA OPraHOB 
acTeHuH. HecmoTps Ha HMelollMeca uccleqoBaHud OnomoruyuecKHx CBOLICTB 
NALIAX MOUeK, MPOIMecchl HX BOSHHKHOBCHHA H POCTa ABJIAIOTCA RO HaCTOAUIero 
DeMeHH HeOCTATOUHO H3YYCHHBIMM; B YaCTHOCTH, Malo HCCeOBaH Mporecc 
bTBJICHHA CIAIHX MoveK. 

T. Taprur (1) o6bacHamt BeTBsIeHHe Cnamux MoueK y Betula alba L. quxoto- 
M4eCKHM PaciilelIeHHem CepAUeBHHHOU MapeHXHMbI MOUKH Ha Be NOJOBHHKH. 
JasIbHeHIWeM KakKaAt U3 2THX NOJOBHHOK (OPMUPyeTCA B CaMOCTOATEbHBIM 
ioueuHbI cen. Ilo yTBepxyeHuio B. H. Jito6umenxo (?), BeraaeHue CHAMIMXx 
ouexk y Betula alba L. o6nacHseTca He AMXOTOMHYeCKHM pacilemeHHeM cepye- 
HHOM Mape€HXMMbI MOUKH, a pocToM 6o- 
OBbIX NOUeK, 3aJIOMKeHHbIX B Ma3yXxXax ue- 
iy MaTepHHCKOH MouKH. Takoe Ke OObaC- 
eHHe TpyNMOBOMy BO3HHKHOBeHHIO CIIsA- 
hHX TOUeK Ha CTBOJIAX H KOPHAX pacTe- 
im JaroT uw Apyrue astopu (*-”). 

Uenb Hale paOoTH 3aksOUasacb B 
IHIICHEHHH MMpollecca BeTBJICHHA CIALLMX 
foueK y KyCTapHHKOB TeX BUOB, KOTOphIe 
HMPOKO HCMOJIb3yIOTCA B JeKOPaTHBHOM 
jalopofcrse — y Syringa vulgaris L., 
Lonicera tatarica L., Philadelphus coro- 
larius L., Crataegus rotundifolia Lam. 

J\A BbIACHeHHA 93TANOB BeTBJICHHA Puc. |. Syringa vulgaris L. Masyminaa 
MAWIMX MOveK Ob CeaHbl MOCeAOBa- WouKa B KOHLWe OfHOrO BereTaHOHHOTO 
€JIbHbIe MOMepeyHble Cpesbl Yepes BeTBU eS Abatibk oerimionen emi, cin 

— jlouepHaad mouka. 5 X 
MpeHH pa3JIMUHOTO BO3pacTa, HAaYHHAaA C 
IHOIETHUX' MOGeroB. Cpe3br Wedaucb B MeCTaX PacMOIO*wKeHuA MOUeK. 

Ha monmepeyHoM cpese Yepe3 Na3yWIHy!0 NOYKY, B3ATYIO B KOHIe BereTalMon- 
(oro NepHosa (OKTAOPb) B CpeqHelt YacTH OMHOMeTHerO NoOera, BUAHO, YTO B 
;mouke yxKe ccbopmMupoBaH moder OyAyuero roga. Ilouka cocTouT u3 MIOTHO 
[PW2KAaTHIX [pyr K Apyry sayaTKow viucTbep (11—12 map). Huxune sayatKu 
IMCTbeEB M€TAMOP(H3HPOBaHbI B TOJICThIe MOUeyHHIe YellyH. B masyxaxX cambix 
[MW2KHUX MOUeUHEIX uellyli (puc. 1, a) cchbopmMupoBaHb! 2. JouepHHe MOuKH 
puc. 1,6), umeroulue Jo 4 Map 3auaTKoB JIucTbeB.C BeCHHI, KOIja M3 MaTepHHCKON 
IOUKM PpasBuBaeTcA NoOGer, MOVepHHe MOYKH MpOOMxKaloT cBoe POpMUpoBaHHe, 
JASBHBAACh B NOGer JIMUIb BeCHO CeMyromllero roa. B cilyuae ecJIM MaTepHH- 
Kaa MouKa B MOOer He pa3BMUBaeTCA, OHA BCKOPe OTMUpaeT JIM TepeXoMHT 
s cocTosHHe camel. Kak BbIACHHJIOCb, BeETBJIeHHe CHALIMX MOYeK CHPeHH IIpo- 
ICXONMT HMCHHO 3a CUeT 3aJIO7%KCHHA JOYePHHX MOUeK. 

Hamu paccmaTpuBasucb CMAl\ve MOUKM Ha MOBePXHOCTH BeTBeH pa3JIMYHOTO 
O3pacTa, HaYHHaA C OMHOMeTHUX NoOberoB. TakuM MyTeM ObWIo YCTaHOBJIeHO, 
TO TO Mepe eXKerOMHOFO YTOJINEHHA BeTBeH, Be CAMbIe HH2KHHE KPOIOMIMe YelllyH 
Mame: MOuKH MocTeneHHO pa3iBuraiorca. V3-nog sTHX Yellyl Ha BeTBAX 4— 
-eTHETO BOSPacTa yxKe HCBOOPYXKEHHBIM Fla30M BUAHbI MaJIeHbKue, BEM YMHOH 
io | wm, nouxu. Ha noceqoBaTeJIbHbIX MOMepeuHbIX Cpesax Yepes BeTBH Pa3sJIN4y- 
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HOrO BospacTa, HauHHas C OAHOWeTHeETO, BHXHO, YTO MaJICHBKUMH MOUKAM} 
ABJIAIOTCA Te MouepHue (puc. 2 a), KOTOPbIe 3aOXUJINCb B NepBbIM BereTallMor 
bili Ce30H B MasyXaX Yellyi MaTepHHcKo mouKH (puc. 2 6). 
Cnsmme nouKku, Kak oTMeyas B. H. JIto6umenxo (7), o6maaioT BepXyIleuHBI i 
poctom. BemeycTBue 9TOrO, MaTepHHCKas,H NovepHHe NOUKU CHpeHK Mo Meph 
eXKerOMHOTO MOApacTaHHA OCTaBJIAIOT B ApeBecHHe BeTBeH NMOUeUHbIe CJeAbI Ih 
CaMmocTosTeJIbHbIli poCT MouepHUX MoveK HadHHaeTCA CO BTOpOro Toda. IlosTom 
OTBeTBICHHe GOKOBbIX HOYCYHBIX CIeIOB OT Clea MaTePHHCKOM MOYKH MPOUCXCH 
MMT Ha rpaHulle MepBoro rosuth 

Horo Kouba. Muorga pocr Ac 

@ uepHHX TMoyeK B TeyeHHe Nepi 
6 BbIX 4—5 JleT 3ajlepxKHBaeTCslh 
pacTeT JIMUIb MaTepHHCKad Mote 
Ka, B pe3yuIbTaTe 4ero B ApeBe 
CHHe TAHETCA JIHIUb OHH NOUeUL 
HbI cule. JlouepHue MOY¥KH Ip 
39TOM He OTMHPaloT, a Mposos 
2%KalOT OCTaBaTbCA JO Hauyasly 
cBoero pocta B lla3yXaxX Hepa3g 
JBHHYBUIHXCA KPOIOWHX YeLLyh 
MaTepHHCKOH NoukH. BeposaTual 


: MexKIy MaTepHHCKOH u ouepip 

Puce. 2. Syringa vulgaris L. PasperBupmasca cnanjaa | 
nowka; a — NovepHaa nowKa, 6 — HwKHaa novewHaa HHMM NOUKAMM CYLIECTBYeT Tal 
ueurya. 4 X Ke KOppeAluA, KOTOpan cy¥ 


ImecTByeT MexK]y BepXylueuHO 
M OOKOBbIMM TOoUKaMH Y  PpOCTOBBIX oOOeros. 

Matepuuckas W ovepHne CIALIMe NOUKH BBHAY OYeHb OFpaHH4eHHOroO Bepi 
XYIUeYHOLO pocta pacnoJlaraoTcsA Ha YPOBHe NOBepXHOCTH CTBOAa. OTBETBHBIUHell! 
CA WouepHHe MOUKH No Mepe NospacTaHusA HX B palvaJbHOM HallpaBJeHHH Moll 
CTelNeHHO OTOJBHTaloTCH OT MaTepHHCKOH nouKu. Ha crTBoulMKe, HanpumMep# 
30-sIeTHETO BO3PaCTa OHH MOFYT OTCTOATb OT MaTepHHCKOH NouKu Ha 1,0 cmM@ 
IloKpoBHbie velllyH MaTePpHHCKOH NOYKH, MPHKPbIBaBIIHe WOvepHHe MOUKEE 
B MOJIOJOM BO3pacTe, NocTemeHHO OTMHpatoT. Ha BeTBAX 6—7-neTHeTO BOSpacTew 
(qHaMeTp 2,5 cM) eJBa 3aMeTHbI JIMIIb OCHOBAaHHA y2Ke OTMepIUHX u“elyHy 
He ocratoTca 6e3 BHAMMOrO H3MeHEHHA H CIAULMe NOUKM: KaK MaTepHHCKas, Takk 
HM fouepHue NOuKH NepHosMyueckH cCOpacbIBaloT CBOH KPpolomiNe yellyn. 

M3 Beero BbIWeH3JIOKeCHHOFO CeLyeT BHIBOL, YTO MpOWecc BETBICHHA CNALLUX! 
nouex y Syringa vulgaris L. mpoucxogurT 3a cueT 3aloxKeHHA Na3yWHbIX MOUeRI 
B MaTepHHCKOM CAME MOuKe. SaslomwKenHe STHX Ma3YIUHbIX MOYeK MpoucxosMT 
B MTepBbld Yo dopMHpOBaHHA MaTePpHHCKOH MNOUKH BO3SOOHOBeHHSA. ; 

YcTaHOBIeHO, YTO NepBbIe STANb! BETBCHHA CIALWLHX NMOYeK Y KYCTaPHHKOBE 
WH Apyrux Buyos Lonicera tatarica L., Philadelphus coronarius L., Crataegus 
rotundifolia Lam.,— mponcxogat Tak xe, Kak y Syringa vulgaris L. 

CileqoBaTebHO, Mpolecc BeTRI@HHA CNAULMX NOveK y KYCTaPHUKOB pac-i 
CMOTPeHHbIX HAMM BHOB B MPHHIWNe TOXKJeCTBEHEH Mpolleccy BeTBICHHA UX4 
y Aepespes (?, “) uw noswyKycrapHuKos (°). 

Borannyeckuit uuctutyT um.B. JI. Komaposa Tloctynuso 

Axkayjlemuu Hayk CCCP 19 XII 1957 


HWHMTHPOBAHHAA JIMTEPATYPA 


* Th. Hartig, Vollstandige Naturgeschichte der forstlichenCulturpflanzen Deutsch-| 
lands, Berlin, 1951. 2B. H. JiIm6umeuxko, Tp. CII6. o6my. ecrecrBoncnuit., 30, B. 3, 
oT. Oor., 195 (1900). 8 UW. IT. Cepe6psaxKos, Mophonorua seretaTHBHbIx opranoB! 
BpicumHx pacTeHHi, M., 1952. *H. A. Jiloxmatos, Jlecu. xos., Ne 10, 57 (1952).! 
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@opmupoBanne CTpyKTYypbl NOMYKyCTapHHYKOB B yCNOBHAX BbICoKOropHit Tlamupa, Crannna6an, 
1956. 7B. K. Bacuaesexaa, Kectu. JIFY, Ne 3, 5 (1957). ' 
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* IIpu AHaTOMUPOBaHHH TMOUeCUHBIX CJIEQOB BbIACHHJIOCb, UTO OHH COCTOAT TIPCHMY IlecT-= : 
BeHHO H3 NapeCHXHMHbIX KJIETOK—HX NPOBOAAMLMe TKAHH OYeHb cabo pasBHTBI. 
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Aonnagn Akayemun nayr CCCP 
1958. Tom 120, N 4 


IKOJIOTHA PACTEHHH 


E. B. POTIWHJIby 


BAM AHME POFOWWEH JESATEJIbHOCTH CJIENYWIOHKM HA PA3BUTHE 
_PACTHTEJIBHOCTH TAK bIPOB 


(ITpedcmaereno axademukom B. H. Cyxaueeoim 3 II 1958) 


IIpu cBoeH UpesBbI¥aHHO aKTHBHOH pololleH JeATebHOCTH cJeMywOHKa 
 (Elobius talpinus) B HeKOTOpbIX CJ1yyaaX MOXKET OKAa3bIBaTb CYLeCTBeEHHOe 
| BUAHE Ha PasBUTHE MlOuB H PacTUTeAbHOCTH. Ha 9To oOcTOATebCTBO OOpallasu 
JBHAMaHHe y2Ke MHOrHe aBTopHl (’, ?, ®, §). 
| Hypxe onucaHbl Ha6moqeHua Hay 
| BJIMAHHeEM CJICMYIIOHKH Ha pa3BHTHe 
| PACTHTENLHOCTH TaKbIPOB B JlOJIHHE 
Ecxe-Jlapbaibika B ceBepHbIxX K3buJI- 
hKyMax. J[aHHbIX Takoro poda WIA 
sTOrO NaHWadtTa NyCcTbInb B IMTepa- 
'Type He IIpHBOJHJOCD. 
CienylwoHkKa, BooOmle IIHpoKo 
pacmpocTpaHeHHas B IVvIHHUCTHIX Myc- 
| THIHAX, B C€BePHbIX K3pbiIk yMax HaH- 
| OOJIee MHOOUHCIICHHA Ha 3eMJIAX CTa- 
| poro OpolweHuaA NO WOJMHaM CYXHX 
/pycen. B wounue Ecxe-Jlappanpixa 
‘Ha yuacTKaxX C TaKbIPOBHJIHbIMH CoO- 
| JOHYAKOBAaTHIMH MOUBaMH KOJIOHHH 
| 3TOTO 3BepbKa OCOOeHHO MHOTO. Sace- 
| IseT CJleMyIWOHKa HW OKpaHHbl MaccH- 
|BOB THNWYHBIX TaKbIPOB OuaroyapsA 
|cBoeli 3amMeuaTeIbHOM cmocoOHoOcTH 
/MpoKJaypiBaTb XOJbI B TOUTE Warxe 
| 3THX OCOOeHHO TBEPAbIX NOUB. 

Ilo rosioMy TakKbIpy WemoukKH BBI- 
6pocoB CJeMyWIOHKH TAHYTCH Ha [e- 
CATKH HU COTHH MeTPOB OT OJHOH 3a- 
NalWHbl C KYPTHHOH paCTHTeJbHOCTH 
No pyro. Crappie XOJIMHKH BbIOpO- 
a ee ey FOP Puc. 1. IloceeHue BbICHIeH PaCTHTeJIbHOCTH Y 
KOH H, ONCBHAHO, COXpPaHAOTCH B  gananunok Ha MecTe CTapbiX HOP CJleMyIOHKu. 
TaKOM Buje HaJOJITO. B CHJLY ca6on 1] — 3anaqMHKH H BOMOMONHBEI, 2 — CTapble BbI- 
3aCOJICHHOCTH TaKbIPOB CJIeQOB KOH- OPpocbl CyIeMyHIOHKH, 3 — Anabasis _aphylla, 
HeHTpallun comeli Ha  XOuJIMUKaXx ANG Fa Onsen) pert eriopoda, 6 — 
3eCb OObIdHO He HaOsmofaetca. B To ie sate 
*Ke BPeMA XOMbI HOP Mpocefaior, Tak 4YTO Ha POBHOK MOBepXHOCTH Takbipa 
OOpa3yiorca HeOOMbIUMe MO%KOMHKH HM yrulyOMeHHA, B KOTOPHIX 3acTaHBaeTca 
qoxeBas Bolla. OOpasoBaHve TakuX Jlelpecculi BefeT K MOCeJICHHIO 3]€Cb BbIC- 
ue pacruTembuoctu. Koe-rye yfaeTca HaOstoLaTb CaMble MepBble 9TAaMb!l STOTO 
mMpouecca, KOrgqa y 3aMaqMHoK Ha MeCTe CTapbIX HOP NOABJIAIOTCA KYCTHKU 
Anabasisramosissima u B MeHbiem uncne A. aphylla (puc. 1). Pasymeerca, 
BOSHUKHOBeHHe 3alaluH Ha TakbiIpaX COBePIUeHHO He OOA3aTeMbHO CBA3aHO C 
HeATCMbHOCTHIO CIEMYIUOHKH HIM ApyrHX POIWUWHX AKHBOTHBIX. 
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Pa3BuTue 3alaQMHbl COMpOBOxMaercA OOpas0BaHHeM MOXOMHKH MOBepXHOCT- 
Horo CTOKa — BOJOMOMHEI, 3aKaHYHBalIOMleHcA HeOOJIbION MIOCKOM KOTJIOBHH- jf) 
KOH HIM, pexe, Oomee ratyOoKoH |p 
IWIOCKOJOHHOH AMOH WIM axe | 
ruIyOOKOH MpoMOHHOH Cc OOPbIBHC- 4 
TbIMH CTCHKaMH — OKMaHOM (PHC. | 
2). B Kpymupix 3analMHax TakUX §f 
BOJOMOHH MOXKET ObITb HECKOJIbKO (i 
(puc. 3). 

Mosonpe, eye cabo pa3BH- jh 
The 3analMHbl, BCTpevalolHeca | 
oco6eHHO uacTo, uMeIOT rycToH # 
COMKHYTHIt moKpop Anabasis ® 
Tamosissima C OTJ@JIbHbIMH KYC- 
Tukamu A. aphylla. JJuamerp sTux 
KYPTHH valle BCero He MpeBbwaeT B 
2—4m. B GOonee KpynHbIx sana- & 
WuHax OH focTuraerT 7 —12M., 
Sylecbh y2xKe OOHJIBHO paspacTaeTCA @ 
A. aphylla, xonuenrpupyscb @ 
y ‘BodocToKos (puc. 3). Oxoso 
samaquHok pacteT A. efiopoda. § 
; . JlatbHeliiiee pa3BuTue pacTu- § 
Puc. 2. Kyptuna pactutetbuocta y ray6oKoli po- TeIbHOCTH sanaquH-“conpoBox- ff 

TOMOHHbI. O603HaveHHA Te ke, YTO Ha pu. | WaeTca MOCeJICHHeEM B WeHTpe HX # 
Artemisia Serotina, Carex pachy- ¥ 
Stylis, Aeluropus litorarlis. Tlocnequne Ba Bua OOpasyiot rycTble KYPTHHKH B 
KOTJIOBHHKaX BOJOCTOKOB HW BOKpyr Hux.’ Anabasis aphylla, A. ramosis- : 
siMa OTTeCHAIOTCA Ha NepuHdepHo ~~ j 
ganagqunHpl. Ilo kKpaamM s3anaquH 
MocemmeTca Take KYCTapHUK 
Lycium ruthenicum, a B WeHTpe 
KyctapHuyuex Hulthemia berberi- 
folia. U3 Tpapanucrbix pacrennit, 
KPOMe TOTO, H3peyKa BCTpeyatorca 
MHoromeTHUKH Glyzyrthiza, aspe- 
Ta, Raponticum nitidum uj Hexo- 
Topple OHOJeTHHKU — Rochelia 
leiocarpa, Malcolmia scorpioides, 
Paracaryum intermedium, Hete- 
Tocaryum rigidum, Trigonella or- 
thoceras, Polygonum polycnemo- 
ides u op. 

HanOombmero OoraTcrBa pac- 
THT@IbHOCTb 3amaquH JOCTHTAaeT B 
TeX ClyuaAxX, KOra B HHX pasBu- 
BalOTCA KOJIKH YepHoro cakcayuJla 
(Haloxylon aphyllum) (’). Moz 
MOJIOTOM COMKHYTHIX KPOH CaKCa- 
yula OOpasyertca rycTol TpaBaHnoit 
MOKDPOB. JLoBoJIbHO MHOTO B H€M Puc. 3. Pacturenbyocrp 3allalMHbl cpeqHeli 
OprBaeT Matricaria lamellata, BeJIMMHHbI. OOosHayenua Te xe, uTO Ha puc. 1 
Rochelia’ leiocarpa, Lepidium 
petfoliatum. Vispenxa wempie 3apocmu o6pasy1or Cousinia tenella, Galium 
ruthenicum, Acroptilon picris. Berpeyawres taxxe Paracaryum intermedium, 
Londesia eriantha, Pachypterygium multicaule, Tetracme quadricornis, Nonea 
caSpica, Isatis minima, Eremopyrum triticeum, Taraxacum officinale, Ferula 
nuda, Phragmites communis. 
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B kouIkax HepeAKH TakxKe MHOrHe OObIUHBIe pacTeHHA 3anlalWH, B TOM 4NCHe 
ternisia serotina,Carex pachystylis, Aeluropus litoralis, Lyciumruthenicum, 
ulthemia berberifolia, a B HeOombumx KomKax y BoyoMoun Anabasis ramosis- 
mau Anabasis aphylla. Boo6ue cocraB pacruTembHOCTU KOJIKOB ypesBbIuaHHo 
B3HOOOpaseH H H3MeHUMB. 

PacTHTeIbHOCTbh OOWIHPHBIX IWIOCKHX MaqWH Ha TaKbIPOBbIX PpaBHHHAaX, Ha- 
DOPOT, OU€Hb MpocTa MoO CBoeMy cocTaBy MH MOUTH Besse OMHAaKOBa. Bospuue 
Mowlanu WaquH, ocOOeHHO MO HX KpasM, 3aHuMaeT MOKpoB Hulthemia berberi- 
lia, K KoTOpofi uacto mpucoequnsmioTea Raponticum nitidum u Artemisia 
protina. Ilo kpasm nagqMH HepezKo pacreT xuHrus (Tamarix sp.). 

| Pasputue BbIcCWIeH paCTHTeIbHOCTH Ha TaKbIpaxX B pa3JIMUHBIX palionax 

CTbIHb BECbMa HECXOHO. Tak, CHJIbHO OTIM4AeTCA OT ONMCAHHOTLO BbIlle CIy4aA 
ACTUTeJIbHOCTh 3allaquH Ha TaKbIpOBLIX paBHuHax TypxKmenun (°; 4, °). 
| Calemyllonka Ha TaKbIpax TeCHO CBA3aHa B CBOeM OOHTAHHH C paCTHTeJIbHOCTbIO 
hllamquH HW cnoco6crsyer ee pasBuTuio. Memkue KypTHHbI B OO/bIIMHCTBe CBOeM 
DeMMHEHbI Mex Ty coOol crapbimMH XOJaMu CuleMyWOHOK. Baowb m02%*xOnNHOK, 06- 
a30BaBIUHXCA Ha MeCTe STHX XOJOB, OT KYPTHH OOLIMHO MPOTATHBAIOTCA MOVIOCHI 
b Anabasis ramosissima. Bowee Kpynubie KypTHHbI 10 KpadM OpIBalOT CHJIbHO 
RePePHITHI CEN yWOHKaMH (puc. 3). STo paspbIXJIeHHe NOUBHI TaKbIpa, HECOMHEHHO 
MocoOcTByeT paClIHpeHHIO 3aHATOM pacTHTeMbHOCTbIO MoWlalH. 

Hajlo OTMeTHTb, UTO CeEMYWOHKa HaHOosee OXOTHO OOMTAeT OKOJIO KYPTHH 
#3 IByX BuoB AnabaSis u nosTOMy OKa3bIBaeT CBOe BOSMElCTBHE Ha pacTHTedb- 
OCTb 3aMaMH HMe€HHO Ha 9THX CTaqHAX. 

B cepepuprx K3pii-K ymax Bo3qeHcTBHe CJIEMYIUOHKH Ha PpaCTHTeIbHOCTb O- 
aTOUHO OTYCTINBO NPOABIACTCA TOJbKO Ha Takbipax. B Apyrux Manamadrax 
VULECTBCHHBIX H3MCHEHHH B PaCTHTeIbHOCTH MOA BJIMAHWeM ee JeATeIbHOCTH 
MHe HaOl0JaTb He MpuXxoMOCcb. 

Ha Takpipax cylemyilioHKa OOHTaeT BO MHOTMX patoHax Ka3axcrana u Cpen- 
ei Asuu. Mue mpuxolusocb Ha6iolaTb cileqbI ee POIOWleH MeATeJIbHOCTH Ha 
akbipax JowHHbI )Kana-Jlapbu B ceBepHbix K3pwikyMaX, B MYCTbIHAX paBo- 
lepexba Crip-J[appu. B paltione Kapa-Tay oOuTaHue ClenyWIOHKH Ha 9THX T04U- 
jax oTMeyaroT B. ®. Yrpromniii (8) uw K. C. Xogauioza (°). Wlupoxo pacmpoctpa- 
KeHa pOlollad JeATeIbHOCTb STOFO FpbI3yHa Ha NOATOPHbIX TaKbIPOBbIX PaBHHHaX 
‘ypkmennuu (“, °). IIpapaa, MocweqHue aBTOPbI OLIMOOUHO MPHMMCHIBaIOT CIELbI 
€ATebHOCTH CeMyIWOHKH Masomy TywKaHuMKy (Alactaga elater). U3 Texera 
Itareli 1 tbororpacbun, MomenjeHHoli B OAHOM “3 HUX (*), COBEPLICHHO CHO, YTO 

)eUb UeT 3eCb MMeEHHO O CJIeMyWOHKe. 

V3 uncia rpbisyHOB, OOMTAaIOWMMX Ha TakbIpax, CJlenyluoHKa — HanOosee 
RKTHBHBIM 3emuiepoi. Bombe mecuaHKH MOCeIAIOTCA Ha TaKbIPOBbIX PaBHHHAaX 
tepepHBIX K3bIIKYMOB Yallle BCero B KOJIKaXx Cakcayusla, IpHYeM TviaBHbIM OOpa30M 
1a Ooulee BOSBBIIMCHHLIX M€CTaX, H BO BCAKOM CJly4ae, Ha 3apocluMx yuacTKax. 

YIUKaHUYHKH Ke, HawOoulee MHOFOUMCJIeHHbIe OOHTATEH TAKbIPOB BCeX THHMOB 


N 
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Kak B culyuae co cilenmylioHKo. B To xe BpeMA HeEKOTOPbIe BU AbI TYLUMKAHYHKOB, 
yaCTHOCTH 3emMIAHOM 3aliunKk (Alactagulus pygmaeus), NoceisI0TCA Ha TBEPABIX 
YeHb C1a60 3aCeJICHHbIX BBICIUeH PACTHTeJIbHOCTHIO TaKbIpaXx, Ie HET CeIFyWOH- 
ku (HanpuMep, B IIpuapambckux KapaKymax), H MOryT cllocoOcTBOBaTb BO3SHHK- 
HOBCHHIO HEOOJIbIUMX 3alaluH u Mocerenuto Anabasis ramosissima Ha COoBepuieH- 


HO TOJIbIX Y4acTKaXx. 
Tlocrynuuo 


23 XII 1957 
WMTHPOBAHHAA JIMTEPATYPA 


Bec SAC He ut K 0, JlestebHOCTb pbI3yHOB Ha cyXHXx MacTOumax Cpequeh Asun. 
Mee 1939. 2° A. ae Lp y w ko, Bectn. JITY, M9 (1948). 8H. U.Basunesny, 
M. M. Foanep6ax uap., Bor. xypx., 38, Ne 1 (1953). 4H. M. Basuaesuy4, 
1. E. Pogun, Tp. Apano-Kacnuiick. KoMMIeKCH. 9KCI., B. 6 (1955). ime pees aiinekKr a 
)0B, )Kupotupie TypKectana, Taurkent, 1932. ° JI. E. Poaun, Ilyctstun CCCP u ux 
cpoenne, U3n. AH CCCP 2, 1954, crp. 392.7 E. B. PoTmumba, Bor. 2KypH., Ne 6 
1957). §B. ©. Yrpimobi, Bonp. sko1. H OHOUEHOL., Ne 1 (1984). Ks (Ge xtornma= 
u0Ba, Tp. Mucr. reorp. AH CCCP, B. 54, MaTepHasbt m0 6noreorpapun CCCP (1953). 
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Jloknayn Aragemunu nayk CCCP 
1958. Tom 120, Ne 4 


tO. T. AJIEEB 


OB H3MEHEHHM OTHOCHTEJIbHOM BEJINUMHbI MJIABHAKOB 
y PbIB B OHTOFEHESE H ®KJIOTEHESE 


(ITpedcmaeaexo axademukom E. H. Iaeaoeckum 10 IX 1956) 


VccneqoBaHve pa3BiTHA TaBHuKOB pbIO B OMTOreHese NMOKa3bIBaeT, ITO YO 
CAMBbIX Pa3HOOOPa3HbIX B 9KOJIOrHYCCKOM HM CHCTeEMaTHYCCKOM OTHOWICHHAX BM: 
OB pblG Ha6wOfalOTCA MpaBMJIbHble 3AKOHOMepHOCTH B W3MeHeHHH BeJIMUMHb |p 
TWIaBHHKOB C BO3PaCTOM. ITH W3MeHCHUA HAaXOMAT cBOe OODACHeHHe B TUApo-H 
J\MHaMUKe MW UMeIOT, OYeBHAHO, OOMee OHOMOrHMueCKOe 3HaveHHe. t 

PasBuTue llaBHuka B THMMYHOM culyyae MOKeT ObITb pasyeeHO Ha [Bell 
nepvoga. Hs ra6a. 1 BuAHO, UTO OTHOCHTebHaH BeMMYMHA IVlaBHHKa MepBOHa-f 
yaIbHO yBesmuuBaetca (Atherina, Mugil, Trachurus mediterraneus ponticus).} 
Srot I nepvof MOxKHO Ha3BaTb TMepHOJOM OTHOCHTeJbHOrO pocTa MvaBHuka.! 
Jlamee, Mp JOCTHKeHHH OMNpejeJICHHbIX, Pa3HbIX JIA KaxKJOro Bua OTHOCH-| 
TeJIbHBIX Pa3MepoB JaHHoro MJlaBHHKa, HaCTyNaeT MOMeHT, KOrjja OTHOCHTesb-f 
HbIA POCT STOrO MaBHAKa MpeKpalllaeTcs, Moce yero Hacrynaet I] nepuoy —§ 
OTHOCHTCJIbHOrO YMeCHbINeCHHA WaBHHKa, XOPOWIO BbIPaxKeHHbI JA Bcex HAH 
OOJIbIUMHCTBa TJIaBHHKOB y BCeX MCCJleqOBaHHbIX pbiO (Tab. 1). | 

OueBHAHO, UTO OTHOCHTeJIbHbIM pocT MlaBHuka B I nepvoye oTBeuaeT ycu-| 
genio ero (pyHKuun. Ilocne Toro Kak MWWaBHHK NOABAAeTCH, OH HauMHaer oT-8 
HOCHTCJIbHO YBeJIMYMBATbCA B pasMepax JO TeX NOP, NOKa BeMUWHa ero, mpuil 
HEKOTOPOH IMHe pbiOb, He MpHeT B COOTBeETCTBHE C TOL CpesHeli CKOpocTHio,| 
C KOTOpOH pbiOa JaHHOrO Bula CNOcoOHa ABHraTbeaA NpH Jano AwHHe. Moment 
JOCTHXKCHUH TaKOrO COOTBETCTBHA Mbl Ha3bIBaeM TOUKOM paBHOBecuHa.| 
CueqyeT OTMeTHTb, 4YTO Y OHO M TOH 2%*e pbIObI TOUKA PaBHOBecusA JIA pas-} 
HbIX IJIaBHUKOB JOCTHTaeTCA MpH pasMMUHO jIMHe Tea, TaK KaK pa3/MUHBIe| 
MIaBHUKH 3aKJla[bIBalOTCA He B OHO BpeMA H PasBUBaloTCH C pasHOl CKO-} 
pocTbio. ITO BUAHO u3 Tabu. | Ha mpHmMepax Atherina u Trachurus mediter- 
rarieus ponticus. 

Vspecruo, ¥ro 4eM Kpytiee pblOa, TEM, KaK IpaBHO, SombIe pasBuBaemasy 
ClO CKOPOCTb, MOCKOJIBKY MaKCHMaJIbHasl BOSMOXKHAA JIA JAHHOH PblObl CKOpocTh) 
NPONOPUMOHAaJIbHa KOPHIO TpeTbeli cTeneHH H3 ee JIHHbI(*). B To xe Bpems” Be- 
JIMUHHAa WapHbIX M HeMapHbIX MWIaBHHKOB, HIPalolwuX POJIb CTAaOHMH8aTOPOR HW) 
pysleH, OOpaTHo MponopmMoHabHa CpeqHeli CKOPOCTH ABU XKeHHA PbIOBI, MOCKOJIb-\ 
KY C YBeJIHYCHHEM CKOPOCTH JBYOKCHHA YBeIMYHBAaIOTCA CHJIbI JIOGOBOTO compo-, 
THBICHHA, a CeMOBATebHO, YBENMUMBAIOTCA HM COCTABJIAIOMIMe STHX CHU, 
HOPMAJIbHbIe K MPOAOJIbHOH OCH TeJia PbIObl HM CMOCOOcTByIONIMe HSMeHeHHIO Ha-| 
npaBlenunA WBrwoKexua. MMenHo mostomy Bo II mepnoye no Mepe pocta ppi6sr | 
OTHOCHT@JIbHaA BeJIMYHHA e€e MaBHHKOB YMeHbIUaeTcs. 1 

TakoBo (pyHKWWMOHaIbHOe 3HaYeHHe YyBeIMYeHHA pa3MepoB NMaBHuKa B 
MepBOM IepHose ero pa3BHTHA HM OTHOCHTe/IbHOrO YMeHbILeHHA — BO BTOPOM. |! 

Mb! onucadiu HeasbHbIM Cutyyali, KOTOpbIli HMeeT MeCTO Tora, Kora ppi6a 
MO M€pe pocta He MeHHET CylleCTBeHHO CBOerO OOpasa XKH3HH UM Kora dbopma ee 
Tesla TAKKE HE H3MCHAETCA CYULECTBeEHHO C BOSpactom. M3 uncwta uccMeMOBAaHHbIX 
HaMuU pbiO 2TO HaGwiofaeTcA, Hampumep, y Acipenser, y cenbyeBEIx, y Odonto- 
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Vsmenenue AJHHbI WIaBHHKOB y ppd B OHTOreHe3e 


Rlewteiwns= Tnuna naaBHHkosn* B %/, or L 
Ja JO KOH- 
Buge uw cbopmut etn ae A 
erTo6a L Pp Vv DI DII DIII Al {AI 
B CM 
I 
\\cipenser stel'atus Pallas 33, 6** 11,5 7,0 8,3 = 7,9 { 
8,0" 10,3 6,0 Tis) = = es) — 1 
Asin ss 9,3 5,8 6,1 == _— 6,9 — 1 
Sprattus sprattus phalericus 6,0 15,3 9,4 44,9 = = 6,7 ws 46 
| (Risso) -| A0,0 14,5 8,9 10,3 i = 5,6 _ 8 
lupeonella delicatula delica- 4,3 19,3 43,5 19,0 eat = 9,5 = 6 
) tuta (Nordmann) 6,6 16,8 12,0 15,0 = bios 8,0 = 8 
(Alosa_ kessleri pontica (Eich- 7,8 45,5 10,3 13,0 = 7,0 Ee 7 
| wald) 25,0 14,6 9,4 dds es — 6,9 10 
[Odontogadus merlangus euxi- 5.0 19,0 11,6 14,8 13,4 10,6 12,5 110,6 10 
nus (Nordmann) 44,6 17,0 10,6 13,1 10,6 8,9 12,5 | 9,6 1 
WAtherina mochon ponticalEich- 1,9 11,0 9,0 8,4 9,0 Sl) atte =| 14 
wald Dil 14,4 10,4 10,7 41,0 Be) GSE le a] 
| 4,6 NG] =P) iar 12.25 1256 = 13,2 — 20 
8,4 16,8 12,8 12,0 1A laren — /} 20 
\Mugil auratus Risso 1,8 14,8 atte 9,4 12,0 aN lee a || 
4,2 Wt ew 15,4 12,0 == |] es =|) 20 
21,3 16,9 44,4 12,8 12,2 = foie See 
34,8 18,0 13,0 10,2 12,5 = 13,4 os 10 
Pomatomus saltatrix (Linné) 4,8 ES | Seyi 7.3 | 94320 |) a ey oe 
18,3 16,6 12,2. 6,2 11,4 2s 10,0 10 
40,0 14,5 11,0 5,0 10,7 = 9,0 7 
“Tracnurus mediterrancus pon- Aa 12,6 He) |) ORG) lah =| EO aah a0 
ticus Aleev 4,8 19,4 15,4 12,3 12,6 ea Ae a 0) 
12,8 24,3 5 12,9 41,9 = | ah =| AG 
44,9 PAS A eke, | EGY tts = 9,2) = | 26 
'Trachurus japonicus (Tem- 42 22,5 15,6 HeT JaHHBIx = NeT = 13 
) tinck et Schlegel) ; 43,9 26,0 15,4 HeT JaHHbIXx =) |e nan— ay xh 
HbIX 
'Trachurus trachurus trachurus 8,3 22,8 15,4 HeT JaHHblxX = — 7 
(Linné) 25,0 27,0 15,3 HeT Ja@HHbIxX = — 7 
| Spicara smaris (Linné) 6,1 Done 19,9 44,3 — = 41,8 — | 25 
11,4 Dak O53 15,3 = — Ade 25 
15,4 20,4 21,8 15,8 = — 10,0 — 4 
| Mullus barbatus ponticus Es- 4,5 19,9 16,8 16,2 1390 =|) wigs — | 10 
| -slpov 47,5 Does 20,0 14,6 13,0 — 15,4 _ 10 
| Scorpaena porcus Linné 4,9 33,4 24,9 17,5 22,6 il, PO es || ae 
22,3 Doll 23,0 16,0 19%5 = 18,3 _ 10 
| Trigla lucerna Linné 28,2 ST Aue 22580 | 45,90 | aoe == |) BUT) 8 
| 49,4 35,6 21,0 15,4 12,0 = 9,7 = 9 
| Zeus faben Linné 12,0 13,6 40,0 34,6 17,9 — 48,2 10,8 4 
| 20,5 13,3 36,7 32,9 11,4 — Ai eee 5 
34,0 10,9 2m) 24,9 9,2 Ae «| Si} 4 


* Tlon AMHOH NiaBHHKa BCIOLy NOHMMaeTCA [JIMHa ero HaMOosee AMNHOFO Jyya. 
** B jlavHOM CJlyyae HMeeTCA B BUY aOcOMOTHAA AJIMHA, AJIMHbI WWIaBHHKOB TaK2Ke BbI- 
| PHKeHbI B STOH VINE. 


gadus *, Atherina, Pomatomus, Scorpaena, Trigla, Zeus; Boo6ule 2Ke 9TO cBOli- 
CTB€HHO OOJIbILUMHCTBY MearHyecKuXx pblO, a H3 MpPHAOHHbIX —TeM, Y KOTOPbIX 
oTcyTcTByeT MeslarMyeckad cTraqua. OHaKo B psye CllyyaeB y pblO B OHTOreHE3e 
MPOWCXOJMT CyU[eCTBeHHOe H3MeHeHHe KaK OOPasa XKH3HU, TaK M BHeLUHEerO OO- 
auKa (opMpl Tea). B 3ToM calyuae PYHKUMH OTC bHbIX MIAaBHHKOB MoryT Oovlee 
WIM MeHee 3aMeETHO YCHJIMBaTbCA HIM OcMabeBaTb, UJIM Marke CyWleCTBeHHO H3- 
MeHATBCA. Bo Bcex MOJOGHbIX CJyYYaAX H3MCHEHHEe BeJMUHHbI MWIaBHAKOB CBA- 
3aHO y2Ke He TOJIbKO C H3MeHEHHeM PasMepoB PbIObI, HO MH C H3MeHEHHAMM OOpasa 


* Odontogadus merlangus euxinus, KoTopbIii 34ecb uMeeTCA B BUHAY (CM. TAO. 1), BO BCAKOM 
BOSpacTe ABIACTCA MOABHXKHbIM XHULHHKOM: B MOJIOJOM BOSpacTe efO IHULy COCTABJIAeT I1aHKTOH, 
mo3qHee — PpbIObl. 
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*KH3HH uM (bopMbl Tedla. [lostoMy B TaKHX C/yYaHX BOSPaCTHbIe H3MCHCHUA OTHG 
CHTeJIbHOH BeIMYMHbI HEKOTOPbIX MIaBHHKOB He OOHAPyKHBaloT PpaCCMOTPeHHO 
BbIIe 3aKoHoMepHocTH. Tak, y Mugil c Bospactom, B CBA3H C MepeXxOJoM K TIpy 
JOHHOMY OOpa3y 2KM3HM M 8HaYHTebHbIM U3MeHeEHHeM CPopMbl Tela, IPOHCxXomHy 
yBeJIMUeHHe PpyAHbIX M BTOPOTO CNHHHOFO MaBHUKOB, KOTOpbIe CMOCOOCTBYKC| 
NOBOpOTaM B BePTHKaJIbHOM MOCKOCTH, BbINOJIHACMbIM Ip 3axBaTe MMII CR 
lua. [Jpouve nuiaBHuku C BO3paCcTOM yMeHbllatoTca. Y Trachurus, B cBa3u © 
oOpa3s0BaHvieM TOPH3OHTAJIbHbIX KUJeH Ha OOKAaX Tesla, MOBOPOT B BePTHKaJER 
HOH TWIOCKOCTH 3aTPyAHAeTCA HM MOTOMY SHAYHTEMbHO YBeAHIHBAIOTCA rpyAHbly 
NaBHUKH, C MOMOLM[bIO KOTOPbIX OCYMLeECTBIAeTCA STOT NOBOPOT *; Apyrve Nae 
HUKU Mo JOCTH2KCHHH TOUKH PaBHOBecuA yMeHbluaioTca. Y Spicara c Bospactoim 
YBCIHMUMBAaIOTCA CMMHHOM MU OprOWHble WiaBHUKH; CIMHHOM UrpaeT POJb KH 
IIpPH MOBOPOTaX B CTOPOHE!, OpIOWHbIle BHIMOMHAIOT (PYHKUMH TOPH3OHTAIbHBLE 
Wi BepTHKaJIbHbIX pyvlelt. YBeIMYeHHe 3THX IlaBHUKOB CBA3aHO,BO3MOXKHO,C yBE 
JIMYCHHEM MOBOPOTJMBOCTH B3POCIONH PbIOb! CPaBHUTeIbHO C MaJIbKOM, YTO Ka 


Ta6auuna 2 
Jima na1aBHUKOB y CebgeBbIX, TpeckH u aTepuubl (Ilo A. H. Csetosugosy (?-4)) 


J\nHHa MaBHHKOB B % JJIMHbI Tea 
Tanna 
Bugbt uw dopMbl Tena* 
Pp DI DI 
Clupeonel'a delicatula: 
Cl. d delicatula (Nordmann) 6,8 19,0 197 = = 
Cl. d. caspia Svetovidov 9,3 16,9 9,5 = = 
Alosa kessleri: 
A. k. pontica (Eichwa'd) 2 0,4 15,3 os =—# 
A.k volgensis (Berg) 29,3 15,2 = i= = 
A. k. kessleri (Grimm) 40,0 14,9 — dad 
Alosa caspia: 
A. c. palaeostomi (Sadowsky) 13,4 47,8 = = = = 
A. c. tanaica (Grimm) 13,6 2 OS) — = Ss == 
A. c. nordmanni Antipa 13,9 47,4 = “= = = 
A. c. persica (IIjin) 453 7 AeA — = ise = 
A. c. caspia (Eichwald) 48,7 16,7 = = oe +s 
A. c. knipowitschi (Ijin) 49,5 17,6 = = _ s 
A. c. salina (Svetovidov) 20.2 16,1 — = = pe 
Alosa brashnikovi: 
A. b. maeotica (Grimm) ATS 16,3 _ = = — 
A. b. brashnikovi (Borodin) On 15,4 aa = + a 
A. b. autumnalis (Berg) 29,5 18,3 — P33 a = 
A. b. sarensis (Mikhaylovsky) 29,5 15,0 = be Ss = 
A. b. agrachanica (Mikhaylov.) 29,6 44,5 = — et - 
A. b. grimmi (Borodin) 30,4 44,0 an oe a, = 
A. b. kisselevitshi (Bulgakov) 30,5 15.6 _ — — = 
A. b. orientalis (Mikhaylov) 30,7 15,8 - = = = 
A. b. nirchi (Morosow) 328 13,2 = _ oes = 
Alosa faliax: 
A. f. nilotica (Geoffroy) 26,3 15,3 ae ek 1 3 
A. f. fallax (Lacepéde) 29,4 15,2 S =e of e 
Odontogadus merlangus: 
O. m. euxinus (Nordmann) 45—20 45—18 gt 42—44 = sa 
O. m. merlangus (Linné) 80--35 44—16 RZO 9—12 Ss 
Gadus morhua, y3korouoBpie: 
G. m. maris — albi Derjugin 20—35 44—15 9—12 42—14 a 1—i2 
G. m. callarias Linné 30—50 4h—15 140—12 41—14 isd 9-12 
G. m. kildinensis Derjugin 60—65 43—14 o—11 44—12 A 44 
G. m. morhua Linné 50—80 42—14 9-44 40—12 he, 9-12 
Gadus morhua, wmpoKoronosnie: 
G. m. ogac Richardson 85-~45 15—16 14—12 14 = 10—12 
G. m. macrocephalus Tilesius 45—90 13—15 9—13 8—13 — 9—414 
Atherina mochon: 
A. m. pontica Eichwald s. str 8,3 16,8 13,0 dies 44,9 12,3 
A. m. pontica n. caspia Eich 9,0 16,4 12,9 ied 10, 40,9 


* Y cebeBbIxX HMeeTCH B BUY AMHa 1O KONA CpeAHUX suet xBocTOBOrO vlaBHuka, } 
y TpeckH — aOco/oTHaA, y aTepHHbI—oO KOHa NO3BOHOUHOLO cToNba 


%KeTCA BIMOUHe CCTECTBEHHBIM, TaK KaK eCIH MMIULY MOMOMM cocTaBaAer mnaHK- | 
TOH, TO MHUa B3POCIbIX COCTOHT, TWiaBHbIM OOPasoM, H3 Oovlee 1OPKHX GeHTO- | 
HEKTHYCCKUX OeCMOSBOHOYHDIX, JIA JOBJIM KOTOPbIX HYKHa He CTOMbKO CKOpOCTb, 

* VWnTepechO OTMeTHTb, 4TO y pasHbIX BHZOB Trachurus PpyAHble WwaBHHKH, pasBurer |} 
TeM CHJIbHee, YEM CHJIbHee Ppa3BHTbl YNOMAHYTbIe KHIM Ha 60Kax TeJla. 
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#ickoJIbkO MoBopoTsnBocth. J[pyrue MiaBHuKu y Spicara no JocTHxKeHUM TOUKH 
}| PABHOBeECHA OTHOCHTeIbHO yMeHbiuaioTca. Y Mullus, B cpa3u c mepexoJOM K 
}) NpuJoHHOMy oOpasy 2%xH3HH, YBeIMUMBaIOTCA rpyuble, OpOwHBEIe H aHaJbHbIl 
MIaBHHKH, C MOMOMMIbIO KOTOPHIX OCYUICCTBIAIOTCA MOBOPOThI B BePTHKaJIbHOH 
MIOCKOCTH, HeOOXOJHMbIe IIpH MocalKe Ha AHO HW OTeNeCHMN OT Hero; Ha aHaJib- 
}) HIM MaBnuK Mullus rakxe onmpaerca npn cufenuu Ha rpyute. IIpoune maas- 
| HHKH Mo JOCTHKeHHH TOUKH paBHOBeCHA YMeHbulajoTca (Ta6n. 1). 
V3 anHblx Ta6. 2 BHLHO, YTO BHYTPM Kaxkoro 43 BULOB AWuHa WaBHUKOB 
HaXOMHTCH B WeOM B OOpaTHOH 3aBHCHMOCTH OT JWIMHbI pHlObl. Sto cBuseresb- 
| CTByeT O TOM, 4YTO OTMeYCHHAA 3aKOHOMePHOCTb B H3MeCHEHHM BeJIMUMHBI WlaB- 
j) HUKOB B OHTOTeHEeSe CIipaBeWIMBa HU WIA (PuJioreHe3a; B STOM Cy4ae yKasaHHaH 
3aBHCUMOCTb ObIBaeT BbIpaxkeHa TEM pes4e, eM OosbIUe pas/IMUHA B BeENHMUMHE 
ocobeH M@XKy pacCMaTPHBaeMbIMH POJCTBeEHHBIMA MopMaMu HM 4eM Goslee CxO- 
‘MeH ux oOpas xXH3HH HM MOpdbomorMuecKkHi o6muK. Tak, HalpuMep, cpelu 
KaCIIMMCKO-YePHOMOPCKHX BHOB Alosa HanOoubUIyiO MpaBHJIbHOCTb B M3MeHe- 
HMM BeJIMYMHbI WJlaBHHKOB C H3MCHCHHeEM pa3MepoB ocobeli OOHapyxHBAaIOT 
| CbaBHHTeIbHO Cia6o AHBeprupoBaBlluMe BUAbI: mpoxofuaa A. kessleri u umpo- 
| KOSBPHTaJMHHaA coumoHOBaToBoHaa A. caspia. HanOompiume OTKMOHeHHA OT 
| paccMaTpHBaeMOH 3aKOHOMepHOCTH OOHapyxKuBaer mopckaa A. brashnikovi, 
| POpMbl KOTOpOK HW OMOJOrHYeCKH MU MOpdouoruyecKH AnddpepeHUMpoBaHbl pesue 
(*) (cM. Ta61. 2, OTKMOHCHHA OTMEYeHBI XKUPHbIM Wpudtom). Y opm noswumoph- 
Horo Buyja Gadus morhua BetwunHa WWlaBHUKOB, Ka3aJl0Cb Obl, BOOOILe He CTOHT 
B CBA3H C JIMHOH Oco6e OTebHBIX (OPM. OmHaKo 3Ta 3aBHCHMOCTb Jemaerca 
| XOPOWIO 3aMeTHOH, eCJIM HCCIELOBaTb OTeJIbHO Y3KOFOJIOByIO HW IWHpoKOroJo- 
By!O TpyNNbl: BHYTpH KaxKJOH M3 STHX py, T. e. B paMKax Oovlee TecHoro 
 pOAcTBa, CBA3b pa3Mepa MIaBHHKOB C JWIMHOM Tesla BbIpPaxKeHa OYCHb YeTKO. 
TakuM oOpa30M, HW B OHTOreHe3se HU B (pusloreHese, B TeX CJIyYaAx, KOTJa 
pasIMUHA Mexy OcO6AMH UJI COpMaMH CBOAATCA B OCHOBHOM K BewHUHHe pbIO, 
| TIpOABJIAeTCA OJ,Ha H Ta Ke 3AKOHOMEPHOCTh B Pa3sBUTHH MWlaBHHKOB, a HMCHHO: 
OTHOCHTeIbHad BeIMUHHA JIOOOTO NJaBHHKa Mocde JOCTHKeHHA MM OpeseseHHOK 
aOcOJIOTHOH BeIMYMHbI CBASAHA OOPaTHOM 3aBHCHMOCTbIO C JVIMHOM pbi6bl*. 


CepacTonoybckad OuOOrHyecKkan CTAHUHS Iloctynuao 
Axajlemun Hayk CCCP 19 VII 1956 


UHTHUPOBAHHAA JIMNTEPATYPA 


1B. B. Wyaek kun, Ousuxa mopa, 1953. #7 A. H. CpBetospugzos, Tp. Kacn. 
Komuce., 2, 135, 1988. *# A. H. CaetoBpugos, Payna CCCP, Poidpi, 9, 4, 160, 1948. 
4A. H. CpeToseu 08, Mayna CCCP, Prion, 2, 1, 191 1952. 


* TouHoe KOJIHYeCTBEHHOe BbIparyKeHHEe 3TOH 3aBHCHMOCTH BPA JIA BOSMOMHO, Tak Kak 
Pa3MepbI MWIAaBHHKOB 3aBMCAT He TOJIbKO OT BeJIHUHHbI ppbi6nl, HO H OT ee o6pa3a XKH3HH. 
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Jloxaagn Akagemun Hayx CCCP 
1958. Tom 120, Ne 1 


300100 HA) 


M. 10. BEKMAH 
O KAPJIAKOBbIX CAMU[AX ¥Y S3HJEMHKOB BAMKAJIA 
(IIpedcmaeaeno axademuxom H. H. IlmaaveayseHom 5 II 1958) 


BafikanbceKyto ‘cbayHy oTmuaIoT MHOrHe s3aMeuaTeJIbHEIe ocoOeHHOCTH, ®, 
ABUBIMECA Pe3YJbTATOM ee APeBHETO MPOMCXOAMeHHA, NVIMTCABHOH H CLOM%KHO 
ucTopHu cyulecTBoBanua. TlosHaHwe Bcero MHorooOpasHa MyTel, TemnoB # 
(bakTOpOB ee SBOJIOMMM — 3alaua Oombiuoro TeopeTu4ecKoro sHaueHua. Ilo9- 
TOMY KaKjIbIli HOBbIM (pakT, NOMOFatoulHH PellHTb XOTH Obl YACTHUKY ITOH TpyA- 
Helituel MpOGsJIeMbl, MpeMcTaBJIAeT _HeCOMHEHHBIM HMHTepec. 

Pa3BuBalollueca B ToclesHee BpemMaA Ha BalikasbckoH JMMHOJIOTNYeCKOK @ 
CTaHIUMH HCCeELOBaHHA B OOMACTH SKOJIOFHH MOMyAWNH OTKPbIIN Heu3BecTHYyW Hr 


Puc. 1. Pacmpenenenue ocobel mo pasmMepaM B NONYAAWHH 

Micruropus ciliodorsalis u3 3amuBpa Myxop, o3. Batikan. 

11 X 1955 r. SamrpnxopanHad YacTb COOTBeTCTBYeT MOJI0- 
BOSPeJIbIM OCOOAM 


lO CHX MOp OCOOeEHHOCTH HEKOTOPHEIX OalikaJIbCKHX SHJ€MHKOB — HaJIMUHe y HUX 

KaPJIMKOBBIX CaMIOB. Hepecrospie NOMyAWHH y TaKHX SOpM COCTOAT H3 JBYyX 
Pa3MepHBIX TpyMl: KPYMHbIX MOJOBOSpeMbIX CAMOK MH OTHOCHTEIbHO MeJIKHX | 
CaMILOB, MEX Ay KOTOPbIMH HMeeTCA Ooslee HIM MeHee WHPOKHH pa3pbIB, XMaTyc { 
(puc® 1). 

Takoli THM CTpoeHHsA HepecTOBOH MoNnyAAUHH O6HapyKen y pHa ramMapux 

(Amphipoda) u y mnenaruueckolt priOku —romomaHKu. MatepHabt m0 He- 
KOTOPbIM H3 HHX MoMelleHb! B Tads. 1. 
f Ws mmrepaTypHprx JaHHbIX HeBO3MOXHO YCTaHOBHTb, HaCKOJIbKO 3TOT THE 
NOnyIAUMH XapakTepen AIA Apyrux dayH. He BersicHeno 9To B MOsMHOLi Mepe u 
aia Balikana. OuesuqHo Jub, YTO efO MOXHO MpoTHBOMOCTaBUTb Apyromy, 
HeCOMHEHHO OoJlee pacpocTpaHeHHOMY THITY, B KOTOPOM 3HauHTebHOH pasHHlLBl 
Me@xKIy pasMepamn ocodeii O6ONX MOIOB He cyllecTByeT. 

Oto kacaerca raMMapHA, TO, NO-BHUMMOMY, OOJIbLIMHCTBY HX CBOLCTBeEHHBI 
KaK pa3 OOpaTHble OTHOMWIeHHA MEY CaMllaMH HW CaMKaMH, T. e€. NepBbIe Kpyn- 
Hee BTOPbIX. ITO HaOwIOfaeTCA, HANPHMep, Y MHOTOUHCeHHBIX H WMPOKO pac- 
MpOCTPpaHeHHbIX BHAOB pola Grammarus nu nmpecHoBosuEx Rivulogammarus, 
OalikaIbcKux cbopm — Acanthogammarus, Eulimnogammarus, Gmelinoides 
M Mp. Takue 2ke OTHOWeHUA HMeloT MecTo y 6pluKOB Baiikana, XU3Hb KOTOpBIX 
Tak WIM HHave CBA3aHa C JHOM. 
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le anOnme named 


Pasmepbl novio- 
Bug EM deat oe Mecronaxompenue 
caMOK, MM 

)Picruropus ciliodorsalis Sow. Ouel 4,2—6,0 3a. Myxop 

» cristatus Dor. 2,6 3,2—4,5 Mamnoe mope 

» semenowi Baz. oo 3,3—4,2 » » 

» dybowskii Baz. Dy 2,7—3,6 » » 

» ivanowi Baz. Dy sal 3,0—3,6 » » 

Lrypturopus inflatus (Dyb.) 9 10—18 » » 
acrchectopus branickii (Dyb.) 0,0 14—30 lOxH. Bafikan* 
Comephorus baicalensis (Pall.) 435 165—215 1Oxu. Batxan** 


- 


* Ilo matepuanam A. A. Basukanogoi. 
** VWs padotsr E. A. Kopsxosa (+). 


M3 paccMoTpeHHA M3BeCTHBIX K HaCTOALeMy BpeMeHH OalikasIbcKUX BHJOB, 
MeIOLMX KapJIMKOBbIX CaMI[OB, MOX%KHO 3aMeTHTb, YTO H B CHCTeMaTHYeCKOM, 
Wi B SKOJIOTHYCCKOM OTHOLICHHH HX COCTaB BKJIIOUaeT BECbMa Pa3HOPOTHbIe 3JIe- 
} eHTb!. JelicTBuTebHO, TOJIOMAHKa —BbICOKO CIellMaJIM3HPOBaHHbI, %XHBO- 
HpOAAMMH OblyoK, OOuTaOWMH BO BCeH rpoMafHOH Tome Bo Balikama; top 
|(Macrohectopus) — @€J\MHCTBeHHBIM, COBEPIIeHHO CBOeOOpasHbIli Memarnyueckult 
pees M3 raMMapHuy; H TyT Ke PAX APyrux, ye JOHHHIX NpelcTaBuTeseii: eueHb 
| 
| 


ig 


eIKHe, 3aKallbIBalOlMeCcA B PpyHT, JeETPHTOALHbIe MHKPYPONYCbI, OTYACTH XHUI- 
HM YAIOlUMe, JOBOJIbHO KPYNHbIe KPHMTYpOnycwl u Ap. 

 C Apyro cropounl, yxKe 43 MpecTaBJIeHHbIX MaTepHaJIOB BUAHO, UTO aHHax 
lOCOOeHHOCTh CTPOCHHA MOMYJIAWMH UMeeT TeHAECHIHIO pasBHBaTbCA MU B KPyry 
IOMM3KOPOJCTBeHHbIX (bop (cm. Ta6s. 1). [Ip 3ToM y pa3HbIX BUAOB OAHOrO posa 
a Wake NONyIAWHH OFHOTO u Toro Xe BHJla, HalpuMep y Micruropus, oHa Mo- 
j2KeT ObITb BbIPaKeHa B pa3JIM4HOH CTeleHH (BeJIMYMHA XHAaTYCa CHJIbHO Bapbupy- 
eT, BUOTb lO ero OTCYTCTBHA, HO, KaK IpaBHJIO, COXPaHAIOTCA pa3JIMYHA Me- 
|KLY MMHUMaJIbHbIMA HM CpeHHMM pa3MepaMH CaMIOB MH CaMOK)”*. 

|  @opMbl, y KOTOpbIX OblIH OOHAPy2KeHbI KaPJIMKOBbIe CaMI[bI, OObeAMHACT O- 
HO BaxkHOe, Ha Halll B3IIA, OOcToATebCTBO —B cpayHe Balikala onM per- 
‘CTaBJIAIOT ee MOJIOYy!IO, MporpeccuBHy!0 WIM Ke ChellMaIM3MpOBaHHYIO YaCTb. 

OTHOCHTeIbHO OalikaJIbCKHX ObIUKOB, B TOM 4HCJIe M ABYX BHAOB TOJIOMsA- 
HOK, IpHHaliexKaulux K 9HfemMuHOMy poxy Comephorus, u3BecTHo, 4TO B UX 
3BOJIOUMH GOOJIbIIYIO POJlb ChIrpasia HEOTeCHHA, HIM eTaIM3aluA — oO TEPMHHO- 
Jorun, upuusaton JI. H. Tanuespm (7). OcoOeHHO ACHO IOBCHMJIbHOCTb BbIParKeHa 
y Masoli ronomanKu (C. dybowskii), mo cpaBHeHuio c KOTOpOH OovubuIad rouo- 
Mauka (C. baicalensis) moxer cuuTaTbcA (PopMol CJleLyloulero STaMa Mpeobpa- 
30BaHHH, Mowekwel MO MYTH JabHeHWen ciellMasu3aluu (3), Mu MMeHHO y 
9TOFO-TO BUJla HMeEIOTCA KapJIMKOBbIe CaMIlbl. Cyd Mo MaTepuanam E. A. Kopa- 
Kosa (*), pasHulla B pasMepax MoOs0B cylecTByeT MH y MaJIOH TOMOMAHKH, OMHa- 
KO 3HAUHTeIbHO MeHbIUaA, 4eM Y OOOH: CpefHHe BeCa.CaMIOB MH CaMOK y 
nepBoii oTHocstTcs Kak 1: 2, a y BTopoli Kak |: 4. OOulad TeHeHWMA CTAHOBHTCA 
elle Goulee ACHOM, ECM NOOaBUTh, YTO y MOuyMedarnyecKUX ObIKOB Cottocome- 
phorus, 61“3KMX K BePOATHBIM MpeAKaM TOJIOMAHOK, CYUeCTBy!oT OOpaTHEIe OT- 
HOIWeHHA MexKy MoslaMu, T. €. CaMIlbl y HAX KpymHee CaMOK. 

TouOMAHKH H IOp OTAeUHIHCb OT JOHHBIX pofoHayaJIbHbIx PopM JIMIlb C 00- 
pa3oBaHHeM rpomayHoli TomMM Metaruaiu Balikana, OM3KOM K COBpeMeHHON, 
T, €. yxKe B ueTBepTu4Hbt mepuog (*). Uy topa, aHamorH“4Ho POOMAHKaM, 9TO 
COMPOBOKLaOCb KOPeCHHbIM H3MCHEHHEM CTPYKTYPbI NOMYAAWHH: y 6lu>Ka hax 


* TIlo E. A. Kopakosy, PopMasbHbIM KPATePHEM KapJHKOBOCTH CAMUOB CY2KUT HaHHe 
xuatyca (1). 
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emy HeKTOOeHTuYecKUx Poekilogammarus — HopMaJsIbHbIe COOTHOIICHHA, T. 
CaMILbI H€CKOJIbKO KPylHee CaMOK. 1. 
B 2Bo0s0lMH TaMMapHy, HeEOTeHHA, Tak %Ke Kak MH Y ObIUKOB, Hrpada 3HayMy, 
TeIbHYIO poub. A. A. Basukanopa (°) canTaer, uTo MHOrHe MesIKe BUI, B act} 
HOCTH Te, 4TO BXOLAT B pox Micruropus, o6pas0BauCcb MyTeM COXPpaHeHHA Bi, 
B3POCIOM COCTOAHHM IOBCHHJIbHBIX IPpH3HaKOB CBOMX TpesKos. OOpas0BaHH 
HeEOTCHHYeCCKUX (POPM AaBTOP CBASBIBaeT C YXYUWICHHEM YCJIOBHH CyMleCTBOBaHHs).. 
B HepHOAbI oeqeHeHuh. B JaubHeHWweM OHM JaJIM MyYOK HOBBIX BUAOB, MHOTH 
W3 KOTOPbIX ABJIAIOTCA B HaCTOAIMee BPCMA NOMHMOPPHbIMU, MaCCOBBIMH, HaXOW! 
JIALLMMUCA B COCTOAHHM HHTCHCHBHOFO (OpMOOOpa3so0BaHHA. 
Mrak, nosBsieHve u JlasbHeliliee pacipocTpaHeHve MONyJAWMH C KapsuKO® 
BbIMM CaMIaMu y UacTH OalikasIbckoli PayHbl CBASAHO C HOBeCHIUMMA STAaNaMyH etl , 
SBOJIOWMH. 
Cnoco6 o6pa30BaHHA TakuX NONYJAWHH, MO-BHAMMOMY, PasbACHAeTCA OCO'E | 
6CHHOCTAMM XKM3HEHHOTO WMKsIa, OOHApy2KeHHbIMM B HalMx ompitax c M. ciliol” 
dorsalis. Camupi 2TOrO Bua CTAHOBATCA NOMOBO3PeIbIMH HM HadMHaIoT PyHKUMO' 
HMPOBaTb 3HaUHTeJIbHO paHblile CaMOK, 4TO HM BbISbIBAaeT PaHHee MpekpallleHHes 
pocta CaMIloB. To Ke caMoe MpoucxonT u B usorenese. Haye TOBOpA, MbI HMEENB ~ 
3ecb Jeo C HeKOeli PopMoli reTepoxpoOHUuN, UH TOUHee — akulemepanun (°*))} 
T. @. C OTHOCHTEJIbHbIM YCKOPeCHHe€M Pa3BHTHA KakOl-sHOO CHCTeMbI OpraHoB,p 
B JaHHOM Culy4dae BOCIpOHSBOLNTeIbHOH. UacTHbIM CJlyyaeM TaKUX aKkilevlepalluny 
ABJIACTCA HEOTEHHA. B cBOIO OVepeb KaPJIMKOBOCTb CaMI[OB CCTb YaCTHBIM Cyt” 
ya HeEOTeHHH, UH yY PAJa OalikabCKUX (OPM OHA MOMKET PacCMaTPHBATbCA Kakye 
JladibHeliuee ycyryOuleHHe HX HeEOTeHHYeCKOrO COCTOAHUA. - 
BetaeT Bonpoc — KaKOBbI Ke IIpHUMHbI NOABJIEHHA OMHAKOBOTO THMa HOBO-§. 
o6pa30BaHHl y OpraHH3MOB, He MMeIOWIMX OIM3KOrO PpOACTBa M K TOMY %*Ke 3a-8- 
HMMAalOlllMX COBePINeHHO pa3JIMUHble yYaCTKH %KM3HEHHOTO MpocTpaHctBa Balk-f 
KaJla? : 
IIpeqnonarad aflaniTHBHbId XapakTep 9THX HOBOOOPa30BaHHH, MOXHO OBO} 
Obl JOMYCTHTb, YTO OHH CBA3AHbI C KAKMMH-TO YaCTHbIMM OTHOLeHHAMM OcOGeliff 
BHYTpu Bua (THNa KOHrpyoHuMH C. A. Cepepuosa (“)). OHako HaM KaxKeTCHT 
BOSMOXHBIM JaTb Apyroe, Oosee oOujee OObACHEHHE STOMY ABJICHUIO. f 
Vspectuo, uto Balika upesBbrualino OoraT %Ku3HbIO. B 3TOM OTHOIIeHHH OH} 
JlaJIeKO IIpeBOCXOAUT BCe H3BECTHBI€ HOPMb! AIA TaHHOrO THNa BOLOeMOB. Takasé? 
HACbILLICHHOCTb XKH3HbIO OJIMFOTpOMHOrO, T. €. 6EMHOTO KOPMOBbIMH pecypcamm 
BOMOeMa, O3Ha4aeT, B YaCTHOCTH, UTO NHUeBbIe BSAMMOOTHOLWCHHA Mey opra-t 
HU3MaMH 3]eCb UpeSBbIVaHHO YCJIOXKHEHHI H YTO BOOOULe OMOMeHOTHUeCKHe (aK-| 
TOPbI JOJIKHbI HPPpaTb OUCH) BaXKHYIO, CCJIM HE PElllalOlllylO POUb B CTAHOBJIeHHH ff 
M CylUeCTBOBaHHH KaXkOro WieHa STOrO rpoMadHoro O6uoma. OGoctpeHHOl KOH- i 
KYPeCHIUMH 3-34 NM WM HaJIMYMA pa3JIMUHbIX alanTaluu, HalpaBJeHHbIX Ha } 
ee ocuaOJleHHe, MOXKHO Mpexkyse BCeroO OXUTaTb B NOHHbIX CoOOIecTBax Mecua-} 
HMCTHIX rpyHToB Balikasla. OTH TpyHTbl, KaK HpaBHJo, 6eqHI Oprannueckum f 
BeulecTBoM (*), HO B HHX KOHICHTPHpyeTCA PPOMAaMHOe KOJMYeCTBO XKHBOTHEIX ff 
CO CXOJHBIM THIIOM H CIeKTpOM MMTaHHA. B STON »%xe 30He OOUTaIOT MU JOCTHrAalT } 
OrPpOMHOH UHCJIEHHOCTH MONMYAANHH MeJIKHX TaMMapH C  KkapJIMKOBbIMM V 
camuaMu (°). 
Pacuerbl, IpoHsBefenHple E. A. Kopsxospim (*), moKa3biBaroT, ¥To u Nena- 
THaJlb, BOMPekM CJIOXKHBIUEMYCA MHEHHIO, He COMepXuUT OOAbINMX H3IMUIKOB |) 
MIaHKTOHA JIA MPpOKOpMa CyILeCTBYIONIMX 3a CYeT Hero OBIUKOB, OMYJIA UM Opa Ff 
(Macrohectopus). Stor BEIBOA BecbMa yOequTeMbHO NOATBepxXaeTcA HawuuueM | 
OMOMOrMYeCKUX afaltalul y O6oMX BUAOB TOOMAHOK K HausyuMemMy coBMectT- |} 
HOMY HCMOIb3OBaHWIO KOPMOBBIX pecypcoB (AMBepreHMA MepHofoB pa3MHo- } 
xeHHA (7°). Hallo MpH STOM elle YYHTHIBATb, YTO 3HaYNTeTbHAaA MuctepcHocTD | 
B paclipefeeHun MWlaHkTOHa, OCOOeHHO Ha TuryOuHaXx, eCTeCTBeHHO 3aTpyAHseT | 
ero HCNOJIb30BaHHe. 
Hao6opor, Oextosfubie prl6st Batikama, Kak MoKa3adu NocwexHue uccue- | 
AOBAHHA, WallekKO HE HCHOb3yIOT OoraThilt ACCOPTHMeHT KOPMOBBIX GeCHO3Bo- | 
HOUHBIX O3epa. Bopb6a 3a cymlecTBoBaHHe UeT 3feCb Ha [pyrom (porte. Buo- 
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THYeCKHe allaliTallMu ObIYKOB, UMEIONIMX JOHHY!O UKpy, HallpaBseHb! Ha OXpa- 
| CBoero MOTOMCTBa, M STY PYHKNNIO BHINOMHAIOT CaMIbl. OxpaHaloT UKpy u 
Mubl Cottocomophorus, 0 KoTOpbix peub lia BEIWe, XOTA 9TH ObIUKU TOXe TO 
ecTBy MelarMyeckue, KaK WM ToOJIOMAHKa. JIMUIb OKOHUATebHbIM OTPbIB OT 
a M Mepexofl K XMBOPOKeHHIO y FOJOMAHOK cosa (yxXe NOM aBslenuem 
lyroro, a UMeHHO — MMIleBoro (akTOpa) NpeANOChIIKH JIA HOBOFO TUNA mpe- 
pas0BaHHl. 

| Ecum B 9BOJIIOWMM OpraHH3MOB yckKopeHue cospeBaHNA NPHBOAUT K OOpa- 
IBAHHIO HEOTEHHYCCKHX OPM MH ZSTO MpoNCXOAMT pH HacTymieHuu HeOIa- 
PHATHDIX YCJIOBUM CyllecTBOBaHHA, TO H Chelluuyeckan (bopMa HeoTeHHH — 
PJIMKOBOCTb CaMIL[OB —MOXKeT ObITb OTBETOM Ha TakHe Ke yCOBUA, HO BpH 
foM OoJlee CIOXKHBIM HW BBITOAHBIM WIA Bua. CoxpaneHue KPYMHbIX pa3MepoB 
lmox o6ecneunsaer OouIbLIy!O HX MIOLoBUTocTb. PesysbTaT mpeoOpasoBanu — 
COKOSKOHOMMUHAA CTpyKTypa Nonydauuu — oOecneunBaeT Hansyuee uc- 
p)JIb30BaHHe OFpaHH4eHHbIX KOPMOBbIX PeCYPCOB OnoTOMA H COXPaHAeT BbICOKHH 
NXOJ, MOTOMCTBa. OTOT THN MpHcnocoOjeHul MoxKeT Take paccMaTPHBaTbCA 
4K ocoOoro pofla KOHTpysHIuA. 

KoukypeHUMA H3-3a NMI B NeslarvadM M HeKOTOpHIX 30HaX OeHTasmH Bali- 
wld MOXKeT ObITh OLHOM U3 TlaBHbIX MPWYHH KOHBepleHTHOrO BOSHHKHOBeHHA 
JHOBCHIUeH SBOMIOWMH (PayHbl O3epa MPOrpeccuBHBIX PpyNN BUOB Cc IKOHOMHY- 
pH CTpykTypoH Nonysawuh, C KapJIMKOBbIMH CaMIlamu. CyllecTBOBaHHe cre- 
MaJIbHbIX XKH3HCHHO Ba?KHbIX TIpucnoco6seHHl K OOpa3sy X%XH3HH, XapakTepy 
MIM, ClocoOaM pa3MHOXeHHA WH OXPaHe MOTOMCTBa, JlelaeT BOSMOXKHBIM STOT 
yTb 2BOJNOWMM JIMWIb AIA onpeeseHHbIxX BeTBeH dbayHb! Balikasa. 


BaltikanbcKan JIMMHONOTHUeCKaA CTaHUHA Tloctynuso 
Axkajlemuu Hayk CCCP 4 II 1958 
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1958. Tom 120, Ns 1 


JI. B. TOJIEXKAEB A. H. MATBEEBA u B. H. BOPOBbEBA 
O PETEHEPAWMH TKAHM 3YBA Y COBAK 


(IIpedcmaeaeno axademuxom K. H. Cxpabunoim 14 I 1958) 


B HaluMx paHHUX uCCeLqOBaHMAX ObIJIO yCTaHOBJeHO, TO y HU3IWHMX Nol’ 
BOHOYHbIX XKMBOTHBIX OPfaHbl MOFyT XOpOllO pereHePHpOBaTb Mocse NoOTHCH” 
AecTpyYKUMM COCTAaBJIAIONINX UX TKaHeM MPH HaJIMYHH MHHePBallMu HM KPOBOCHAal 
swenua (4,5). Stu Wanuple Obluid NOATBepXKAeHbI B ONbITAX Ha MTHIWaX HW MJeKG)” 
mutarouux (°). Janee Hamu OblO0 NoKa3aHo, 4TO yTpaTa perenepallMOHHOP! 
CMOCOOHOCTH OpraHOB Y %XMBOTHbIX HCOOXOJMMO CBA3AHAa C YMCHbIIICHHEM CHOCOUH: 
HOCTH TKaHel K pa3pylleHulo u JequddepeHWupoBKe MU YTO, HCKYCCTBEHHO B 
3bIBAH 9TH MOCIGMHHe ABJICHHA Y %KXMBOTHBIX, YTPaTHBLUHX CHOCOOHOCTh K peri: 
Hepalldu, MOXKHO NOJYYMTb MOJHYIO pereHepalluio OpraHa B OMbiTe MpH oTcys 
CTBHM pereHepaliuu B KoHTpove (°). Mcxoya u3 9THX TaHHbIX H NPHMeHAA MeTO 
JecTpyKUMH, Mbl MOJIYYHIH MOJIHOe BOCCTAHOBJIeHHE He pereHepHpYIOUMX MIpe! 
OObIUHBIX YCJIOBHAX KOCTeH KPBILIM Yepena y MJleKOMMTaIOWux: CoOaK, KPbil 
u Mplluel (7). Kocrubie RebeKTEI Yepela ayTO- HIM TOMOTINaCTHYeCKH 3anowJHsi 
JIMCb Me@JIKHMH KOCTHBIMH KPOLWIKaMH WJM ONWIKaMH, NOJIYYeHHBIMM M3 Yepe}lt 
HBIX KocTeH. Y coOaK UH KPbIC AeCTPYKTHPOBaHHbI KOCTHbIH MaTepHaJ! ObICTpIl 
(B Tevenue 1—3 negeb) paccacEiBaica H NOOyK all MPH STOM OKPy2Kalvlly!0 eri 
COCEMHIOIO COCMMHUTEIbHYIO TKaHb K MIPpeBpallleHHIO B KOCTb. Y MbIllel STO Npe| 


COXpaHAIMCb BHYTPH HOBOOOpasoBaHHOH KOCTH B TeYeHHe BCero OMBbITa, T. 
6 mec. (IpH cpegqHeli MpotomxKUTeMbHOCTH X%KH3HH MBM 2 rosa). | 

OnpITbI Hal BOCCTaHOBJIeHHeEM OOBIMHO He pereHePHpPYyOUlHX KocTeli Ye}: 
pena y MMAeCKOMMTAaIONINX NMOcTaBHH Mepe HaMH BOMpOC, HeJIb3A JIM BbI3BaTR 
pereHepallMio CaMbIX IWIOTHBIX H TBePABIX OpraHOB y MJICKOMMTAIOWMMX M Ye) 
JIOBEKa, KOTOPbIe MPH OObIMHEIX YCIOBHAX HMKOFa He perenepupyloT. Takojf 
BbIMM OpraHaMH SABIAIOTCA 3yObl. JlaBHO H3BeCTHO, TO 3y6bI y ‘esloBed 
Ka, COOaK H JpyrHX %KMBOTHBIX He PeFeHePHPYIOT, BbICBEPMeCHHbIe SOPOM OT) 
BePCTHA He 3aNOMHAIOTCA 3YOHOM TKaHbIO. STOT dakT MOKeT 3aBUCeTbh Ma) 
MeHbUeH Mepe OT JByxX OOcToATembCTB: 1) OT TOTO, YTO Np OMepalluAx 3y6B} 
oOpaOaTbIBaloTcA MeMKaMeHTaMH, KOTOPbI€ YHUUTORKAIOT XAMBbIC, CMOCOOHBIC 
K pereHepalluu TKaHu, H 2) OT Toro, UTO MpH ONMepalluu He CO3faioTCA GuoOrHih 
yecKHe YCJIOBHA, KOTOPbIe clocoOcTBy1oT Mpoweccam pereHepaliun. CieqoBail 
TEIbHO, WIA TOTO YTOOB! HCCIELOBaTb BOMPOC O BO3MOXHOCTH MO yYeHUA perel 
Hepauu TKaHM 3y0a y %KMBOTHBIX HM YeMOBeKa, HAO MOCTABHTb OMIT, He MPH) 
MeHAA MCMKaMeHTbI, He YHHYTOKAA AKMBYIO TKAaHb H CO3LaB YCMOBUA WIA uo} 
JOTHYECKON CTHMYJIAWMM Wpolecca perenepaliun. TKanb 3y6a, oco6eHHO TeHTHE) 
H WeMeHT, OUCH CXOMHa C KOCTHOM TKaHbIO No OMOXHMMYeCKOMY CocTaBy H Tu: 
CTOMOFM4eCKOMy CTpoeHuio. TlosTOMy B IIpHHIMe ecTb OCHOBaHUA HaleaTeca’ 
‘TO TKaHb 3y6a, KaK HM TKaHb KOCTH Yepema, MOXKHO MOOyAuTb K pereHepallMu 
Mbt pelmJIM CTHMyMpOBaTb TKaHb 3yOa K perenepalluu MeTOJOM ecTpykKUMH) 

OnbiT Obi MocTaBleH Ha 8 B3pOCMIX CO6aKaXx B BOSpacTe OT 2—5 ser. OGbeK- 
TOM HCCI€OBaHHA Ob KIbIKH Ha BeEPpXHeli WIM HMxKHeM UemocTH. Co6aK one: 
PHpoBain NOX MopuliHo-sPupHbIM HapKo3som, JaBasx 0,5 ma 1% pacrBopa xso- 
PACTO-BOROpoAHorO Mopdus Ha | Kr Beca. TomoBy 2xuMBOTHOFO (buKCHpOBasH Ha 
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auke. SyO crepusimsoBanu 70° cnuptom. Kopouxy BbICBEPJIMBaIH WWapoBuy- 
iM Gopom Ne 3 Ha rayOuny 5—8 mm, Jo nyapner. Tosyuennas Kamepa umevia 
‘ametp 3—4 wm. Tleppeie nopuun nowyyeHHbIxX Mp BEICBepJMBAHUMM MeNKUX 
[aJIeBbIX ONMJIOK BbIOPaCbIBaJIM, OCTAJIbHY!0 YaCTb JeHTMHHbIX ONMNOK cobu- 
WIM B PC3HHOBY10 CTEPHJIbHYIO YallleuKy, KOTOPyiO Yepe3 Mpopesb Ha He Hasle- 
\IM Ha OCHOBaHHe 3y6a. Uameuky nosyuanu, oTpes3ad KOHYNK Masblla oT pe- 
loBoli mepyaTkH. ONWIKM CCHINAaINCb Ip BbICBEPJMBAaHHM Ha THO yalleuKn. 
Halee UX CJlerKa CMauMBaJIM PaCTBOPOM MeHUMMMJIMHA, MPHTOTOBMeHHHIM Ha (pH- 
HOJIOTHYeCKOM PpacTBOpe, HW NOYYeHHOM TycTOH NMacTow NOMOupoBasM KaMe- 
3y0a No Kanada. CaMy}0 BepXHIOIO YaCTb KaHasia Ha rtyOuny 1—1 1/2 mm naom- 
popamu dociaT-lemMenToM. )KMBOTHBIC Mocse oMepallun uyBCTBOBaIN ce6x 
ppPpowo, MIpU3HaKOB 3y6HOH OouIM He NposBAdU. TombKo y O2HOM co6aku uMe- 
pp MecTo BocIiaieHHe MYAbIMbl, H HKHBOTHOe MPHUUWIOCb 3a0HTb uepes 7 THe 
pee onepatun. OcTasIbHbIX XKHBOTHBIX 3a0MBamM MO cpoKam: uepes 45, 60, 
0, 370, 436 qHel Mocue onepaltun.Tom6a us coctat-meMeHTa COX paHsAaCb B 
pace 2 Mec. H Oovlee, B OMHOM CJIy4ae B TeyeHHe rota. B orcytcrBuu dociar- 
#CMCHTHOH MIOMObI B Hapy2XXHOM OTBepCTHH 3y6a MMHIeETOM MPOLLyNbiBasach 
OTHaA TBepJad TKaHb, OOpasoBaBwlaACA H3 TpaHCMaHTaTa uM 3aKpbiBaloulaA 
clo Kamepy. Hu ona u3 coOak c oTNaBWel coccaT-lleMeHTHOH MIOMOOH He 
| poABIsIsa IIpH3HaKOB 3yOHOK SoH. CneqoBaTembHO, 3y6 Obl B XOpoOllem co- 
TOAHHM MU MWyibMa Oblia HawexKHO 3alllMueHa OMOJOTHYeCKMM MMIJIaHTaTOM. 
Y 3a0HTbIX XXMBOTHBIX 3YO OTIIMIMBAaJIM Mo Welike, MpHroTORAIM 43 Hero 
WICTHH WIM, yaaa PoccaT-WeMeHTHYy!0 NuiIoMOy, vu pduKcupoBasu B 20% pac- 
iBope PopManHAa. OObeKTHI 3a/IHBAIH B WeWIOHIMH-Napaduu WIM WemOMLUH, 
FPHTOTORMANH cpe3pr 15—30 uw uw OKpalliMBasiM UX TeMaTOKCHJIMH-303HHOM. 
VObeKTbI OPHEHTHPOBAJIM TaK, YTO MJIOCKOCTb cCpe3a MpOxousa vepe3s KaHal U 
kamepy c OMOJIorHueCcKHM MMIMJIaHTaTOM. 
| Bo pceex cayuaax pe3yJIbTaTbI NOJyuaIMCb OAHO3HAYHBIMH: OnomOrHueckuh 
(MIIaHTaT lpeBpallasicaA B KOCTeMOMOOHY!0 TKaHb, KOTOPas MOJIHOCTbIO 3aKDpbI- 
bala KaMepy 3y6a; pH 9TOM MpoucxoLusa NOMHAaA WIM YaCTHUHAA OOMUTepalna 
ipemueli yacTuH 3yOHOFO KaHaJla, HaXOJAMaACA MPOTHB KaMepbI C HMIJIaHTaTOM; 
; STOH 30HE NYybla MpeBpalliastacb B OCTCOHAHY!IO TKaHb, a Ha BHYTPeHHeH To- 


uh) 
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rYIApHBIM WeuTuH (puc. |). [pyrumu clopamu, 3yOHaa TKanb, paccmaTpuBaemas 
pUcHb MHOTHMM OvosOraMH M BpavaMM kak HecMocoOuad kK perenepallun, 
Ip JaHHbIX yCJIOBHUAX OKa3aJiacb CNOCOOHOM K pereHepallMH MM MeTaliasHn. 
3 HaLUeM OMbITe Obi 3aATPOHYTHI: 2MaJIb, JEHTHH H IyJIbla C ee HEPBOM H CO- 
tylamu. BHyTpu co3aHHOl BbICBepJIMBaHHeM KaMepbI 3y0a HH B 9MaJIM, HM B 
CHTHHE He OblWwIO BUJHO HHKaKWX Mpv3HaKOB perenepallun. ITO OYeHb ACHO 
WHO B TeX CJly¥adxX, KOra pH OOpadoTKe mpoOKa OvoMorMyYecKOrO MMIVIaH- 
ata OTIe@Aacb OT CTEHOK KaMepbl (puc. 2). KocrHonojo6uaa mpoOKa compu- 
acaeIcad C TKaHbIO MYJIbMbI, KOTOPad NO BMAHHEM 3ZTOTO KOHTAKTa MpeBpa- 
aeTCA B MWJOTHYIO ocTeou,HyI0 TkaHb. IIpocBer syOHoro KaHaJia B OOmacTu 
nepal pesKO CyKeH, TiaBHbIM OOpa30M 3a CyeT HOBOOOpas0BaHHA eHTHHA 
a BHYTpeHHeli HW OOKOBBIX CTeHKaX KaHaJla. B mpocBepseHHOL cTeHKe 3yOa TeH- 
WH 3aMe€THO He H3MeHAeTCH WH HMMeeT HOPMabHOe cTpoeHHe. OH CocToHT U3 
CHOBHOFO BelecTBa C XAPaKTePHbIMU PaMaJIbHbIMA MW HECKOJIbKO BOJIHMCTEIMU 
NCHTHHHBIMH KaHasibilamu (puc. 3a), K ero BHYTPeHHeH NOBepXHOCTH Mpuseraior 
OMOHTOOMACTHI HW PbIXaA COCMMHHTeEbHOTKaHHAaA YaCTh MYVJIbIBI. 

CopcemM uHOoe HaGwlrOJlaeTcaA B TOM CTeHKe 3y6a, KOTOpaH HaXOJMTCA MpPOTHB 
KaMepbl H MMIIaHTata. B Heit nok BAMAHHMeM MMIWIaHTaTa MpOMCXOAMT HHTeH- 
CHBHOe HOBOOOpas0BaHve MacTOB JeHTHHa, KOTOPbIe ACHO OTeAIOTCA OT 
BHYTPeHHeli MOBepxXHOCTH AeHTHHAa (puc. 36). ITH MMacTbl OUCH TOJICTHI, CHJIbHO 
pa3BUTbI MPOTHB MMIIIaHTaTa HM MOCTeMeHHO MCTOHYAIOTCA BBEPX UM BHU3 OT Hero. 
Hopoo6Opa3s0BpaHve 9THX MWiacTOB Tak HaSbiBaeMOrO UpperyJAPHOTO AeHTHHAa 
UMeeT HEKOTOPy!0 aHaJIOrMio0 C ABJCHHAMH M3BeECTHOrO PaspacTaHuA AeHTHMHA 
B TOUKAX, PaCIO/JIO%KeHHbIX MPOTHB MeCT pasf[parxkeHUA B 3y6e, HanpHMep IPH 
kapuece. Macca 9Toro upperyAApHOrO MeHTHHa BMeCTe C OCTCOMAHOH TKaHbIO, 
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oOpaso0BaBllelicad B MybMe, MOXKET ObITh HAaCTOMbKO BeMKa, ITO NpPHBeReTH 
NOMHOK OOHTepaluu 3yOHOTO KaHawa. 

Bowlbwol uuTepec mpelcraBsaer cy1bOa u CTpoeHHe KOCTeMOROOHOH MIpchh 
KH, OOpazoBaBlleiicd M3 HMMaHTaTa BHYTPH BbICBepJIeHHOH KaMepbI 3yC} 
Sta mpoOKa COCTONT H3 MeIbYaHWHX KPOLWeK JeHTHHAa MW MIOTHO W OpraHHyech} 
CladHHBIX AMOPDHBIM OObISBECTBJICHHbIM OCHOBHBIM BellecTBOM. TKaHb mpooig 
He COMep2KUT KJIeTOK WIM UX OTPOCcTKOB. C TeyeHHeM BpeMeHH OHA YIIIOTHAETCH 
UYepes 45—60 ane nmocme onepaluu coepxKalueca B mpoOKe Oecnopsxzo4) 
IIepeMelUaHHble H CadHHbIe MeXKLy COOOM JeCHTHHHbIe OMHJIKH COXPaHAIOT CBC 
MepBOHavasIbHy!O CTPYKTYPy, B HHX ACHO BUHbI ACHTHHHbI€ KaHaJIbIIbl, UM C 
JIeJIbHble KPOWIKM OTHOCHTe/IbHO PHIXJIO CaAHb! (puc. 38). TlosqHee, ye uep} 
100 tHe Mocmte omepaluu, BUAHO, KaK CTPYKTYPa OMHJIOK HeECKOJIbKO M3MeH} 
e€TCA, BO MHOrMX M3 HUX JICHTHHHbIe KaHaJIbUbl HEACHO BbIPaxKeHbI, OCHOBHO 
IeEMCHTHPY!OWLerO UX BeULeCTBA CTAHOBHTbCA Oosblile, BCA CTpyKTypa Mpo6r 
jemaetca 6omee amoppuou u MMOTHOH (puc. 32). ITH cbakTbI YKa3bIBaloT Ha T 
UTO TKaHb HMMMabTaTa ABJIACTCA KUBO, PasBUBaIOlleHca, YTO B HEM MpOucx) 
AAT Mpolecchl OOMeHa BeUIECTB, BKJIIOUCHHbIe B OOMIMH MeTaOoH3M 3yOa UH Wel 
ro opranu3mMa. Koctenoqo6Had mpoOKa, OOpasoBaBliadcaA 43 UMIMaHTaTa, H 
WeXHO 3alluilaeT 3yO oT uHeKUUH. JaxKe yepes roy Noce onepalluu, HECMOTE 
Ha Bbilalenue cboctbaTeMeHTHOH MIOMObI, IpOOKa HaCTOJbKO XOPOLIO 3aKPte 
BaeT KaMepy H IyJblly, 4TO B 3yOe He OOHAPyXHBalorca ABMIECHHA KapHeca F 
NYJIbNHTa. 1 

OsHakoMJeHHe C AHTepaTypoH MoKa3aJlo, YTO KOe-4TO B MHTepecyrtollleM Hé 
HallpaBJIeHHH yxKe CleslaHo B IpakTHKe CTOMaTOJIOrMM, WpaBlla, Ha OCHOBe Ht 
CKOJIbKO MHBIX IIpeAMOCbWIOK MH C MPpHMe€HeHHeM HE€CKOJIbKO HHOM MeTOMKI 
[. JI. Penbyman (7°) B ombiTax Ha CO6aKax OCTaBIA B KaMepe 3y6a HeOOMbIIC 
KOJIMY¥eCTBO JICHTHHHbIX ONHIOK WH HaOJioJal ABJIGEHHA, CXOQHBIe C HallMMr® 
ONMIKH NO6y Xai NyIbiy K MeTala3HH B KOCTb, CaMH OHH OOpPa3s0BaJIH KOC 
HONOOOHy1O MpoOKy, MpouwHo 3aKyMOpHBalouly!0 HO KaMepbl, H BbISbIBAJIM 
TeHTHHe OOpas0BaHve HpperyApHOrO WeHTHHA, CyXKatlolero MpocBer 3y6HO 
KaHawla. IJoqoOHbIM pesybTaT NOMYYaJICA JIMWb B YCIOBHAX ACeNTHKH, 6e3 Ip 
MCHCHHA Me\MKaMeHTOB. EcJIM MpHMeHAJIaCb MbILUbAKOBUCTaA KUCIOTa, KOTOPYys 
OObIYHO WIHPOKO IIPHMeHAIOT B 3YOOBpaueOHOH MpakTHke, NyJbNa paspylasacy 
MeTallla3HH €€ B OCTCOHAHY!IO TKAHb HE MPOHCXOLNO HM UpperyApHEI enTue 
He OOpasoppiBaica. JIBYXJeTHAA KJIMHHYeCKad MpoBepKa JeueHuaA 3yOOB Oe} 


Maye MYJIbIIbl C MOMOU{bIO JEHTHHHBIX ONMJIOK, KOTOPbIMH 3aKPEIBaOCb THO Kal 
Mepbl HM aMIlyTHPOBaHHad MysbMa, Ha OCHOBe OnOJIOro-acenTuYecKOro MpHHWANs 
JI€UCHHA Jala aBTOPy OaronpHATHBIe pe3yJIbTAaTHI. 

TakuM o6pas0M, MbI MOXKEM 3aKJOUNTb, YTO OTCYTCTBHe pereHepallHy TKaill 
Heli syOa (ybMbl, WEHTHHAa H IMAM), C KOTOPBIMH MOCTOAHHO BCTpeyaIoTca CTO 
MaTOJIOrM, OOycOBeHa Mpexe BCero BpelHbIM jelcTBHeM MelMKameHTOB'y 
yOuBalouluX XKMBbIe KCTKH HM TKAaHH, a TaKXKe OTCYTCTBHeEM YCOBH, HeObi 
XOMMMBIX JIA pereHepalluu, HO He OTCYTCTBHeM CaMOli BO3MO2KHOCTH [WIA perelt 
Hepattuu. Ec Takue yCloBUad CO3aTb, TO TKaHb 3Y6a MO2KeT pereHepuposBa’s | 
JleHTHHHbIe ONMIKH W3TeUMBaIOT NopaxkeHHYy!O MyJbMy u u3sMeHsOT Pusuo | 
JorMuecKkoe COCTOAHMe M TUCTOJOrMuecKY!IO CTPyKTYpy TKaHell 3y6a. ) 

B lpakTuke CToMaTOJOrHH B MocseHee BPeMA WeMatoT MOMbITKH TIpHMeHUTE 
HeKOTOpble OuoOrH4ecKHe MPHHUHNbI. Bo-nepBbIX, CCTb PAN MOMbITOK 3aMeHUTE} 
BbINAaBIUMH 3yO TpaHClaHTHpOBaHHbIM X%XHBbIM 3y6om. B 39TOM OTHOUIeHHH OCO- 
OeHHO MepcMeKTHBHBIMH B ONbITaX Ha XKXMBOTHBIX (COOaKaX, KPbICaXx) ABIIAIOTCAl 
mepecaKu 3yOHbIX 3a4aTKOB, KOTOPbIe Ip yCIOBHH KOHTaKTa C KOCTHOM TKAHbIO} 
MOryT xopouso pactu u Audppepenumposareca (?). Bo-sropprx JemaioT MonbITKyl 
3AMCHHTb OTCYTCTBYIOULMH 3yO aJOMMaCTH4eCKH, BKUBIAA B LecHy nposbipsB-| 
JICHHbIC MeTadIMueCKHe UJI MWlacTMaccoBpre (*) mpoTe3bl, KOTOpHIe MpopacTaroT 
COCAMHUTCIbHOK TKAHbIO M TaKHM OOpasOM yKpeliisioTcA Ha Mecte. Tperbum 
OMOJIOPH4eCKHM MPHHIMNOM MOXKeT ABUTLCA ONMCAHHBIM, OCHOBaHHbII Ha ABe-| 
HHAX M 3aKOHAaX pereHepallHM M COCTOALIMH B MOMbITKe BO3LEHCTBOBaTb Ha 3y6- 
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ylo TKaHb HM CTHMYJIMpOBaTb ee CMocoOHOCTb K perenepalluu HM MpeBpalleHusaM. 
TOT NOAXOA MOET ObITh MPHMEeHEH JIA MeveHHA OOMbHBIX 3yOOB, HO He JWIA 
aMeCleCHHA OTCYTCTBYIOULUX, HU MPH Hawexaeli paspaOoTKe OH MO*KeT aTb 
OJIOXUTeJIbUbIC H OOHALEKUBAIOUIME pe3ysbTATHI. Sec cmeyer OOaBUuTh, YTO 
THMYJIAWMA PereHePalHOHHHIX MpOleccoB B OJHOM 3y6e MO2KeT OKAa3aTb Osa- 
TONPHATHOe CTHMYIMpyroulee HU yKpenAlOWlee BAMAHHe Ha pa3BUTHe HM COCTOA- 
Hue JIpyrux 3yOoB OoubHOrO, MOCKOJIbKY H3BeECTHO, YTO pereHepalluaA OAHOTO 
opraHa CTHMyHpyeT perenepalluio UM pa3sBuTHe APyrMx OPlaHOB XKHBOTHOTO. 


YuctutytT] mopdonoruu xxuBOoTHEIX um A. H. Cerepnora Ilocrynuso 
Axaylemuu wayk CCCP 14 I 1958 


UMTMPOBAHHAA JIMTEPATYPA 


12. A. Bapec, Peakuusa coequHHTeIbHO TKAaHH Ha NOMMMeTHIMeTAKpPHaT HW peakUNA 
TKaveH aMPoQOHTa Ha UMMIAaHTalHlO HCKYCCTBeHHBIX 3y60B., JIucceptauna, M., 1955. 7 A.T. 
Jlanunuckuih, Tp. Wucr. unton., ructon. u asmOpuon., 1, Ne 1 (1941). % Peter, 
Minch. med. Wochenchr., 6 (1914). 4 JI. B. Ilomexaes, Apx. anat., ructom. u 9M- 
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Jloxxann Akangemuu nwayx CCCP 
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@HSIHOMOLH 


A. T. PAHEWMHCKMM, M. TP. 3AKC u JI. K. THTOBA 
MEXAHH3M JIEMCTBUA AHTHAWYPETHYECKOFO TOPMOHA 


(IIpedcmaeaeno axademuxom JI. A. Op6eau 31 I 1958) 


Uccnenya ruamypouuasnyt0 aKTHBHOCTS Moun, MBI (*) pH kK 3aKsIOUe- 
HUIO, 4YTO NpoLec tbakyJIbTaTHBHOM peaOcopOuuH BOLI OCHOBaH Ha MOBBIWeHHA 
IIPOHHMaeMOCTH M@XKKJIETOUHBIX MpocdoeK, WEMCHTHPYIOWUX INMTeEMMH DMCTAaJb- 
HbIX KaHabues. Hamu Opiio BbICKa3aHO NpeMNOORKenHHe, YTO CTHMYJIMPyIOUlNH 
pea6cop6uut0 adcpeKT aHTHAMypeTHYecKoro ropmoua (AJIT) cBa3aH c oTaemeHHeM 
KyleTKaMH HectbpoHa depMeHTa, KOTOPbIM enOMMepH3yeT BXOAAMLYIO B CocTaB: 
M@XKJIeTOUHOrO IWeMeHTa THaJypOHOBy!0 KuCOTY. Takoe mpelmonoxenue, 
IpeqycMaTpuBalioulee H3Me€HEHHE CTPYKTYPbl MYKONMOMCaXapH0B NOUKUN B 


powecce pea6copOUuu BOI, MOr10 ObITb MPOBepeHO MyTemM mpAMOFO THCTOXHMH-| 


GeCKOrO HccyieqOBaHHa. 


OG6beKTOM COOTBETCTBYIOUeErO SKCHEPHMeHTa ABHJIHCb OeIble KPbICbI. PKUBOT- | 


HbIe OHO Ppylnbl yOuBaJIMCb B pasrape AMypes3a, BbISBAaHHOTO BOAHOM Harpy3- 


kKoH, ApyroH — nocwe 48-gacoBoro JMUWeHHA BOA HIM Nocse MHbEKUMM MHTy-— 
uTpuna IT. Beicrpo BpipesaHHple NOUKM THMepruypaTHpOBaHHBIX WU erHyparu- | 


POBaHHBIX KDPbIC NOWBeplaJIMCb THCTOXHMHYCCKOMY HCCJIeTOBaHHto. 


CorjiacHo JIMTepaTypHbIM JaHHbIM (*), MYKONOMMCaxXapHAbl BCTpeuaroTCs | 


lo BceH JHHe HeppoHa. OcoOeHHO Ke HHTCHCHBHO OKPallMBalOTCA OHH B OOJa- 


CTH coOupaTebHEIX TpyOoK. Cpequ STHX MYKONONMCaxXapHyOB CHelMabHbli | 


WHTepec NpeACTaBMAMa WIA HAC TMaypOHOBaA KUuCIOTA, IA LuddepeHunpoBKU 
KOTOPOH CjIy%KHT MeTOA MeTaxXpoMa3HH MPH OKpacCKe TOJIYHMHOBBIM CHHHM. 
IIpumMeHusB STOT MeTOA, Mbi OOHAPYXHIN, YTO THNMGHAA y-MeTaxXpoMasHa, Xa- 
pakTepHad A TMasypoHoBolt KucoTHI (°), BbICTyMaeT C OCObeHHOM HHTeHCHB- 
HOCTbIO B MYKONOJIMCaXapUAHbIX KOMIVIeKCaX BCeli 3OHbI COOMPaTeIbHbIX TPyOOK. 
OTa 30Ha HM NosBeprvacb NosTOMy NoOApoOHomy u3y4yeHuto. 

Ha spicote BofsHOro [Mype3a, Kora cekpeuua AJIT ymenpuiaetca, snuTe- 
uu coOupaTesbHbIx TpyOok MpeCraBJieH BbICOKMMH MIpH3MaTHYeCKHMH KdJeT- 
KaMM C OOMJIbHOH NpospayHoli WAHTOMIasMoli H KPyNHbIMH, MeJIKOSePHUCTEIMH,. 


Puc. 1. 3ona coOupatebubIx TpyOoK ru{paTHpoBaHHoH Nouku. Oxpacka TOJIYHIHHOBLIM CHHHM- 

mo Xeccy u Tomnanzepy. a — 1300 x (umm. 60X, rom. 4); /—xKneTKa snnTenus TpyOku, 2 — 

MY KONOJIHCaXaPHIHbI€ KOMMJI€KCbI B M€XKKJIETOUHOM UeMeHTe K OCHOBHOM MeMOpane, OKpallieHHbe 

Ha lpefapaTe B KpaCHoBaTbiii uBeT: 6 — 240X (06. 20X, rom. 6), BuqHa KOHTYpHpoBaHHaa, 
Pa3BeTBICHHAA C€Tb BOJIOKOH, JalOUlHX MOIOXKHTeIbHYIO ‘Y-MeTaXPpOMa3HIO 

Puc. 2. Ananornunblit yuacToK mouKu (cM. puc. 1) yepe3 5 MuH. Hocule BBeeHHA nuTyuHTpuua II. 


a — 1300 (umm. 60 X, rom. 4), yMeHbIUeHHe BbICOTHI SNHTEUA, MEXKKMeETOURLIE COCJHHCHH® . 


COXPaHEHbI JIMLb YACTHYHO, NONOKUTeMbHAA Ha Y-MeTaXPOMASHIO CeTb MpHOOpeTaeT Ha Mpema- 
pate PuoNeTOBLI OTTEHOK H KONTYPHpYeTCA He CTOMb OTYCTUBO: OTKPLIBAIOTCA MuMpaTHYecKHe: 
KanHsapbl (1); 6 —240 X (06. 20 X, rom. 6) 
Puc. 3. Ananornunbiii yuacToK mouKku (cm. pre. 1) yepes 30 mun. mocue BReqeHHA NHTYHTpuHa. 
a — 1300 X (umm. 60 X, rom. 4): pesKoe ymmomeHHe snuTeIHA Tpy6OK; vcuesHOBeHHe M@ex- 
KJI€TOUHOTO LeMeHTA, NOMORKHTeMbHAA Ha MeTAXPOMASHIO CeTb UCYe3Ia H Ha Mpenapate 3ameHena 
Kup py3Hbim posoBLim conom. 6 — 240 X (06. 40 X, rom. 6); 7 — mpocserTsi cOOHPaTeIbHEIX 
Tpy6ox; 2 — aumatTuyeckne Kannnapel 
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HTPaJIbHO PaCIOJIOKCHHBIMH ApaMH. OMMTeMMaIbHbIe DICMeCHTHI CILeMeHTH 
#iBAHbI MCXKKJICTOUHBIMH NpocsolkKaMu, OKPalleHHbIMH B KpacHo-cbHoueTOBEIi’ 
eT (puc. 1a). Takyio xe MeTaxpoma3Mio0 OOHapyxXuBaeT COeMHUTeDHO- 
jAHHaA OCHOBa KaHaJIblleB, MpecTaBeHHaA ACHO KOHTYPHPOBaHHBbIMH BOJIOK- 
pM, KOTOPbl€ OKPy2KaloT Ka2Kyl0 TPyOKY, a B MPOMe2KyTKax MexK Ay HUMH OOpa- 
ina CTOJIb 2K€ XOPOWO KOHTYPHPOBaHHy!0 CeTb, B MeTWAX KOTOPOH mecTamu 
[MHI OTeIbHbIe KeTKH (puc. | 6). 

| 7a THMMYHAA JIA NOUKH THApaTHPOBaHHOM KPbICbl KAPTHHA Pe3KO H3MeHA- 
CX, KOra 2KMBOTHOe NosBepraercA NerufpaTaluu WIM xe eMy HeMocpesCTBeH- 
b HHbelMpyetca NuTyuTpuy IT. 

| B nmouxe xMBOTHOrO, yOuToro Yepe3.5 MMH. Nocdle MHbeEKUMH MMTyHTpuHa, 
WICOTA SIIMTeEIMA SHAUMTebHO CHH2KaeTCA (puc. 2 a). Uepes 30 mun. KaeTKU 
PpauMBalorT OovIbINyIO YaCTb WATOMMAa3M, U Apa BbINAGHBAIOTCA B MpocBer 
uc. 3a). [Ipuunua STOTO YAMBUTeMbHOrO MpeBpallleHHA 3aKMIOUAeTCA B NOJHOM 
ACIIaBJICHHH WM OTTOPXKeHHH B MpocBeT TpyOKU aNHKaJIbHbIX KOHILOB IMTO- 
a3MbI, KaK 9TO OTYETJIMBO MOXKHO BHAeTh Ha MHOTHX Mpelapatax (He MpHBo- 
MBIX B HaCTOSIUeM COOOUeHHH). 

| He nojmexuT COMHeHHIO, YTO MO], BIMAHMeM AHTHAMYpeTuyecKOrO TOopMoHa 
MMTeIMH COOMpaTevIbHbIX TpyOok HauMHaeT CeKpeTHPOBaTb MO aNoKPHHOBOMy 
Ally, TepAA B 9TOM MIpollecce 3HaYHTeJIbHYIO YacTb CBOeH IMTOMMIA3MBI. 

Yxe B CaMOM Hauase JelicrBua AJIT oKpaluMBaemple TOJIYHAMHOBOM CHHbIO 
}OJIOKHa CTPOMbI CTaHOBATCA MeHee KOHTYPHPOBaHHbIMH. XapakTep WX MeTa- 
HPOMa3HH MeHAeTCA: BMeCTO KpacHOro OHa MpHoOperaerT ChHOMeTOBLIM OTTEHOK. 
losBAAeTCA OOMIMH AubdysHEl posoBaTHI CoH, OTCYTCTBOBaBLUMH B THApaTu- 
HOBaHHOH mMouKke. Uepes 30 MHH. Nocule BBEeHUA TOPMOHA 9TH N3MCHEHUA JOCTU- 
iaioT MakcuMyMa. MyxonoJlucaxapHaHble M@XKJeTOUHbIe COeIMHEHHA MOJIHO- 
ITbio HCuesaloT (puc. 3 a). TvastypoHoBad OCHOBa CTPOMbI He BHA, OHA KaK OnI 
pacTasJia; y-MeTaXpOMa3HA COXpaHAeTCA JIMIb KaK AudpysHpi ToMoreHHplli 
prleH0-posoBsiit (POH, PABHOMEPHO 3aNOJHAIOMLMH BCe MPOMEKYTKH MexXLy Ipo- 
BeTaMH TpyOOK. 

Uepe3 HeCKOJIbKO MHHYT MlocJle BBEJCHHA MHTYMTPHHa B MeTAX MCKKaHaJb- 

[eBOH CeTH MYKONOJIMCaxapHAOB NOABMIAIOTCA HEBHAHMbIe PaHee MPOCBeTHI, BO3- 
HUKalOllMe B HeMOCpeACTBeEHHOM coceycTBe c TpyOKamu (puc. 2 a). Mectamu B 
iONepeuHOM CeYeHHH CTeHOK 9THX MpOCBeTOB BUAHI KJI€ETKH, THMMUHBIe JIA SHO- 
reHA KanuvsApoB. EcTb Bce OCHOBaHHA NpW3HaTb 9TH MpPOCBeTHI 3a OTKPbIBAalO- 
iuMeca oy BAMAHHeM AJIT mumcatTuyeckue KalMJJIApbl NOUKH, HaJIMYHe KOTOPbIX 
u3BecTHO (4), HO PUSHOMOTHYeCKaA POJb KOTOPbIX Oba HeACHA, TAK Kak ydacTHe 
AX B Ipotecce peaOcopOunH BOLL OTPUlaocb (°). 
— Uepes 30 Muu. o6miee KomMYeCTBO PaCLIMpeHHBIX JMMaTHYeCKUX KallMJJA- 
DOB BO MHOFO pa HpeBbllliaeT YHCIO BUAMMBIX MPOCBeTOB COOUPaTEIbHbIX TPy- 
60K. CTPyKTYpa KOHEUHOFO OTAesa NOVCUHOH NMpaMubl NPHHUMaeT Telepb Ha 
cpese XapaKTepHoe AYeHCTOe CTpoeHHe HM NpuoOperaer BUA, COBePIUeHHO He 
MOXOKMU Ha U3BECTHYIO H3 KsaCCHYeCKOM FHCTOJOrHH KapTHHy cpe3a NOUKH 
(puc. 36). 

IIpouecchl, pa3BuBalollvecA B pe3yJIbTaTe eCTeCTBeHHOTO aHTHAMypesa, 
BbISBaHHOTO JWIHTeCJIbHbIM JIMIUeCHHEM BOI, IPHHUMMHaJIbHO CXOJHbI C TEMH, YTO 
UMeIOT MeCTO Tlocyle HHBEKUMM NHTYHTpuHa. 

Jlocroiina yAuBseHusA Ta CKOpOCTb, C KOTOPOH pasbirpblBaloTcA MOp(o-JH- 
HaMHUeCKHE H3MCHCHHA B CHCTeMe COONpaTeIbHEIX TpyOok. Uepes 15—20 mux. 
mocle BBeeCHHA TOPMOHA OHH y2xKe MOCTHTa!oT MaKCHMyMa. 

Bpelenue Bob WerupaTHpOBaHHOMY 2KHBOTHOMY BBI3bIBaeT ObicTpoe O6- 
paTHoe pasBuTHe BCex u3sMeHeHU. IlepBEle NPH3HAKM BOCCTAHOBJEHUA TaJly- 
DOHOBOLi CTPOMbI, MEXKKJICTOUHBIX NPOCMOeK WU INHTEMMAJIbHBIX, 3JIEMCHTOB OTMe~ 
yaioTcA yxKe uepes 20 muH. Uepes 60 muH., Kora HauMHaeTCA MHTCHCHBHbIM 
BONDI JMype3, CTPyKTypa KaHaJIbueB y2Ke MpuOIMxKaeTCA K COCTOAHUIO, 
XapaKTePHOMY WIA TuApaTHpOBaHHOM MOUKH. 

Bp, JIM MOXKHO COMHEBATLCA, YTO H3MCHCHHA B CTpykType moueK, CocTaB- 
MAroULMe MopdomorMuecKoe BbIpaxkeHue NetctBud AJIT, 1e2kaT B OCHOBE BbI3bI~ 
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‘BaeMOTO HM aHTHAMypeTuyecKoro acpektTa. B MOJIHOM COOTBETCTBHH C BbICKaS 
HBIM Hamu (*) TWpelMosOKXeHHeM O MCXAHU3ME JeEHCTBUA STOTO TOPMOHA MBI HO. 
Hbl IPH3HaTb YyCTAHOBJICHHBIMH CileLyloulMe PakTbl: 

1. AJL crumysupyer KieTKH coOupaTebHbIX TpyOOK, KOTOpble Haun 
‘CCKPe€THPOBaTb MO aMOKPHHOBOMY THITy, MpwueM B COCTaB MX CeKpeTa BXO 
(pepMeHT TMayponHya3a. 

2. CekpeTupyemblit cbepMeHT O4eH OBICTPO OKa3bIBaeT WeMOJMMepH3 yt) 
qelictBue Ha rHasypOHOBbIe KOMIMVJICKCbI, BXOMAMIHE B MCXKKJCTOUHbIM ILeMeH 
OCHOBHYIO MeMOpaHy KaHadsbleB. IToT scpekT AemaeT CTPyKTYPbl, OTAesM AIL 
MOMOCTh KaHaJiblla OT HHTePCTHIUWaAIbHOH TKaHH, MPOHMIaeMbIMM JIA BO 
TwnoTouuyeckoe cosepkumoe TpyOoK, cileyA OCMOTHYeCKOMY TpajiHeHTy, I 
Bepraerca BceqCTBHe 3TOrO (baKYbTATHBHOH peaOcopOunn. 

3. Tlocrymaroulad B MHTePCTHIMH BOJa OTBOJHTCA Yepes OOUJIbHYIO CeTb 
KPbIBaIOIlMXCA JIMMPAaTHUeCKHX KalMJJIAPOB. 

4. Bce 9TH Mponecchl JWOKasIM3yIOTCA B CaMOM JIMCTaJIbHOM OTJlee Hep 
B COOUPaTeJIbHbIX TpyOKaX, KOTOPble H ABJAIOTCA OCHOBHEIM MeCTOM (paky 
TaTHBHOH peaOcopOuuu BOI *. 


MucTHTYT SBOJIOWMOHHOH PuSHOJOrHH Iloctynuso 
um. M1. M. Ceuenopa 29 I 1958 
Akayemun nayk CCCP 


UHTHPOBAHHAA JIMTEPATYPA 


1 A. T. Tunvenuuckan, JI. H. Uspanosa, MAH, 119, Ne 5 ig 
7H. Rollhdager, Zs. f. Zellforsch. u. Mikr. Anat., 44, 57 (1956). °9. Ilupe, Iu 
XHMUA TeOpeTH¥ecKad HW Upukanuan, WJI, 1956. *A. Babics, F. Renyi-Vam 
Das Lymphgetassystem der Niere und seine Bedeutung in der Nieren Pathologie und | 
rurgie, Budapest, 1947. ° H. W. Smith, Principles ot Renal Physiology, N.-Y., 1! 
®H. Schmidt-Matthiesen, Acta Histochemica, 4, 116 (1957). 


* 

IIpenctaBanetca levlecO0Opa3HbIM H3MC€HHTb HAHMCHOBaHHE STOLTO OTe a, MOCKOJIBKY 17 
‘MHH CoOupaTeJIbHbIe TpyOKu OTHIOJb HE COOTBeTCTBYyeT BayXKHOCTH MPOHCXOJAULHX B HHX Bec 
-AKTHBHBIX IPOIMmeccos. 
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WTorxnagn Akanqemun nayrx CCCP 
1958. Tom 120, Ne 4 


PHIHOMOLH A 


I. F. KOCTIOK 


- 


QJIEKTPHUECKHE NPOABJIEHHSA PEWUANPOKHOFO BO3BY)KAEHHSA 
HW TOPMOSKEHHA B OTAEJIbHbIX NMPOMEXKYTOUHbIX HEMPOHAX 


(II pedcmaeaeno axademuxom H. C. Bepumaweuau 5 IT 1958) 


IIpuMeHeHue BHYTPHKJeTOUHOLO OTBeACHHA SeCKTPHYeCKUX MOTeHIMAaIOB 
‘MO3BOAeT TOUHO HCCMeLOBaTb TeyeHHe MH MpHposy MporeccoB Bo3s6yxKTeHuA u 
TOPMOXKCHHA He TOJIbKO B JBHTaTeJIbHbIX, HO HM B MPpOMeXKYTOUHBIX Heliponax 
CNMHHOTO Mo3ra. Taka BO3MOXHOCTb MpefcTaBAeT OUeHb OOMbIIO MHTepec, 
TaK Kak eCJIM O HEPBHBIX Mpoleccax B ABHTaTeIbHbIX KJIeTKAX MbI MOKeM MOJy- 
'MATb HENOCPeCTBeHHbIe JAaHHbIC H Ha OCHOBaHHM Jpyrux MeTOoOB (Halpumep, 
| AHTHIPOMHOLO UX BO3OyKeHHA), TO O MpolleccaxX B MpOMeKYTOUHbIX HeHpoHax 
-MblI JO CHX lop CYAHJIM JIMIIb Ha OCHOBaHHM KOCBEHHBIX aHHbIX, a UMCHHO 3tphe- 
PeCHTHBIX PaspAOB, KOTOPble B KOHEYHOM HTOTe CO3AalOTCA TeEMH Ke JBUraTeJb- 
HbIMH KJleTkKamMH. Mexkyy TeM, KOHBepreHIHA HePBHbIX MMIYJIbCOB B MOJIMCH- 
HallTHueCKHX pedbileKcaXx, CONPOBOXMaloulaAcA ABJICHHAMH OGJerueHHA H TOp- 
MOXKeHHA, B 3HAUHMTeIbHOM CTeNeHH MPOMCXOAHT HMeHHO B MPOMeXKYTOUHBIX 
Helponax. 

BHYTPHKJeTOUHOe OTBECHHe MOTCHUMAIOB U3 OTICIbHBIX IPOMeXKYTOUHBIX 
HeHPOHOB MpOv3BOAMOCb Mp MOMOLI TO 2Ke M€TOAMKH, UTO M BHYTPHKJeTOU- 
Hoe OTBeeHHe M3 MOTOHELpoHos (1). Tak Kak MpOMeXKyTOUHbIe HEMPOHbI 3HauH- 
TEJIbHO MeCHbIMe MOTOHEHPOHOB MO CBOHM pa3MepaM, TO OHH Yale MOBpexaiw;ca 
MUKPO2JIeKTPOAOM, 4TO NPOABJAeTCA B ObICTPO MporpeccupyrouleM YMeHbIIeHHH 
BeIMUHHbI MeEMOpaHHOro MOTeHIMasla MH HCYe3HOBCHHH MMKOBbIX MOTeHIMaJOB. 
Bce Ke MOXKHO OOHAPyXHTb JOBOJIbHO MHOPO KJIeCTOK, KOTOPble JOCTATOUHO JOUI- 
FO COXPaHAIOT MOCTOAHHY!IO BEMYHHY MeMOpaHHOro MOTeHWHada HM MOCTOAHHY1O 
BeJIMYMHY HW JWIMTeIbHOCTb MMKOBBIX NOTeHIMaJIOB H KOTOPbIe Ha 3TOM OCHOBaHHH 
MOXKHO paCCMaTPpHBaTb KaK (YHKIMOHMPYIOUIMe OTHOCHTeIbHO HOPMAaJIbHO. 

B KauecTBe MpOMexXYTOUHBIX HeHpoHow WudpepeHUMpOBaINCb TaKue KJIeT- 
KH, KOTOPbIe HMEIOT OOuIee WWIMTeIbHbIM CKPbITbIM MepHOL peaKIMH B OTBET Ha 
OPTOAPOMHbIt HMIyIbc, YeM 3TO HEOOXOJMMO JWIA MpoBeeHUA MOcMesAHeTO M10 
acpepeHTHBIM BOJIOKHaM, H B TO Ke BpeMA He MaloT peakIWH Ha AHTHAPOMHbI 
‘“uMiysabe. []uKopble NOTeHIMabI B TAKHX KleTKaX OOMaaioT M pAOM Apyrux 
ocoGeHHocTeli, He XapaKTePHbIX It MOTOHEMpouoB (cM. HwxKe). KaeTKu, Aup- 
«pepeHItupyemble Kak IPOMeKYTOUHHIe HEMPOHbI, OKaSbIBaJINCb PaCHOJIOXKEHHBIMA 
BO BCeX y¥acTKax Ceporo BeleCTBa CIMHHOPO MO3ra — OT JOpcaJIbHOTO pora u 
JO BeHTpaJdJbHOrO. 

OHO 43 OCHOBHBIX OCOOeHHOCTeH, Cpa3sy OOpaliaiomel Ha ceOA BHUMAHHE 
Mp OTBCACHHH MOTeHIMANIOB MpOMeXKYTOUHBIX HeHPOHOB, ABJAeTCA Upe3BbI- 
yalHO BbIpar%KeHHad CMOCOOHOCT K PUTMMYecKOH aKTHBHOCTH. Bowbuloe kodu- 
UYeCTBO KJICETOK HaXOJMTCA B COCTOAHHUH TaKOH AKTHBHOCTH BHe 3aBHMCMMOCTH OT 
TIpHoxKennA nMepHdepuyecKkuX pa3sqpaxkenuk. Paspafbl UX UMeIOT BU MaKCH- 
MaJIbHBIX mHKOB (puc. 1, 4), YacTOTa KOTOPHIX MOCTMTaeT HECKOJIbKUX COT B Ce- 
KyHJY M JMIlb OYeHb MocTeneHHo yMeHbulaeTcx. To Ke HaOwOLaIM uM Apyrue 
astopp (”). Mnorma, mpaBya, B TAKAX MpaBHJIbHbIX PHTMAaXx HaOmioWaloTcsa mepe- 
ZA 


6ou — BbIMafalor OLMH HM HeECKOMbKO TMKOB (puc. |, 3). BemmunHa NMKOBBIF 
MOTeHIMAIOB Y pa3sIMYHBIX K/IeETOK Oblla pasHOH, KOMeOACh OT HECKOJIbKU|s 
no 60 mB; oHa O6bIUHO ObIIa MCHbINe BEM UHHbI MEMOpaHHOrO MOTeHW Hada UM JIMILY 
u3pekKa octurama ee. Oco6o oOpaliiaioT Ha ceOA BHUMAHHe CJIyYaH OCH Ht) 
3HAUNTeIbHBIX TO BesIMUMHe MeMOPaHHbIX HW MMKOBbIX MOTeHWMaJIOB — MCHE} 
10 mp. Kasasiocb ObI, UTO TaKHe BeJIMUMHEI JOMAKHbI ObITb CBOMCTBEHHDI | HO/ 
NOBP@XKeHHEIM KJIeTKaM, JIM60 BHeKJIeTOUKOMY oTBeeHuIO. Ho mpoTHB TaKOTy 
OObACHEHHA TOBOPUT CTPoraA OfHOasHOCTh OTBOMMMBIX NMKOBBIX MOTeHIMEs 
JIOB MH OOJIbIUaA JJIMTebHOCTh Pa3pANOB IPH OYCHb NOCTOAHHOM HX BeJIMYMHE 
PutTmMuyeckne NMKOBbIC MOTCHIMAaJIS 

/ 2 io HauMHaloTCA He OT MOCTOAHHOTO YPOEH 
HA MeMOpaHHOrO MOTeHI{Hasla, a O} 

coay MOCTeneHHO HapacTaroulen WenouApusay 

L Auth cp) popes ete Wu, KOTOpad MpH ocTHxKeHuA BedIUy 

YHHbI OKOJIO 5 MB KPyTO MepexofHT '} 
TIMKOBbIA Mporecc. Takaa mpeqBapy} 
F [ow y [ono TeAbHaA LeNONAPUsAallUA NO cbopme coBl 
— 0 mcek NajlaeT C aHaJIOTHYHOH eENOJIAPH3alHel 

Wucek pu PUTMHYeCKOH AKTMBHOCTH JpyrHi 

IU MT | | (UHM UU | | | | | | | | | | | | KJIETOK —MOTOHEHPOHOB HIM MbILeUHbI 
BOJIOKOH, OTJIM¥aHcb, OfHaKO, Gowler 

HHS3KUM KPUTHYeCKHM YPOBHEM BOSHHK] 
Puc. 1. / wu 2 —nuxkoppie noTenquann HOBCHHA MNHKa. j 
«MON4alero) MpOMexYyTOYHOrTO HeHpoHa B Hapagy C PHTMHYCCKHUM aKTHBHBIF 
sents Lae a pasnpencune ae MH IIPOM@XKYTOUHBIMM HEMPOHAMH BCTpe. 
Br tiie, ae Ue hg eae MC yaHOTCA KJIeETKH 6€3 BbIPaXKeCHHOH PHT. 
KHe MHKOBbI€C NOTeCHWHAaJbl B Pa3JINYHbIX MH4MHOCTH. Ha TaKUX KJI€TKAX MOXKHO EF 
NpOMEXYTOUNBIX HelipoHax HeEOCJIOMHEHHOH CPopMe HaGsIOLaTb BOS) 
OyxKJaoulHe acPekTu! adepeHTHEIX UM} 

MYJIbCOB (KOHEYHO, HOCeAHHe MOFYT ObITh OOHAPY2KeHbI H Ha PHTMMYECCKH aK: 
THBHBIX KJI€TKaX, HO TaM OHH YCJIOXKHAIOTCA B3AMMOJeHCTBHEM MMIYJIbCOB Jpyl 
c pyrom). XapakTepHoi OcoOeHHOCTHIO OTBETOB «MOJYALLMX» IIPOMEXKYTOUHBIX 
HeHPOHOB ABJIAeCTCH MX MHO2KECTBEHHbIM XapakTep MOCe OLMHOUHBIX Nepude, 
pH4ecKUX pasqpaxenuli (puc. 1, Jw 2). Uactora nuKoB y KuIeTOK, PpacnosioxKen- 
HbIX B JOPCaJIbHbIX YaCTAX MO3Ta, OGBINHO He MpeBbuaeT 100—200 B | cex.? 
HO Y KaKHX-TO KJI€TOK B BEHTPaJIbHOH YaCTH MO3Ta MepBbIe€ HECKOJIbKO Pa3PANOB 
MOTYT CJI€OBaTb CO 3HAYHTEMbHO OosbueH YacToTOH. IIpomexyTOUHbIe KJIeTKH 
C TaKHMH YacTbIMH paspAyaMM ObWIH paHee LudcepentupoBann ByyOropu u 
IIsttonom (*) 4 noxpo6uo usy4eHbI B aGopaTopun SKxsica (4). | 

Ilukopbie NOTeHUMavibl TIPOMC2KYTOUHBIX HeHPOHOB XapakTePH3yIOTCA He- 
SHAYHTEIbHOM CiIeEOBOH THMepnodApHsalluel; OHH BO3HHKaIOT 6e3 3aMeTHOrO 
MNpeBapuTeMbHOTO CHHANTHYECKOFO NOTeHIMasla, CTOJIb XAPaKTePHOTO JWIA BO3- 
OyKI€HHUA MOTOHELPOHOB. 

OrpeTbl Ha pasvIMUHbIe adtbepenTHbIe MMIMYJIbChI OTMMUAIOTCA Y OTJCJIBHBIX 
MPOMEXKYTOUHBIX HeHPOHOB, Ha YTO yxKe ykKaSbIBaIM Apyrue uccmeqoBaTemH 
(?, °, °). Berpeuyatores KlerKn, Y KOTOPHIX MPH CaMBIX Pa3JIMYHBIX pasypaxKe- 
HHAX BOSHUKAIOT TOJIbKO BOSOYAMAOUMe HH TOJbKO TOPMossuiMe abdeKTHI; 
Hapsly C HUM CCTb KJI€TKH, B KOTOPbIX OTMEYAIOTCH YETKHE PeILMIPOKHBIe B3a- 
MMOOTHOUICHHA BOSOYKTCHHA HM TOPMOXKCHHA B 3ABHCHMOCTH OT YCOBUi pagipa- 
*KeHUA. PelHIpPOKHble opPekTEI B KJeTKAX BOSHUKAIOT KaK Ip PasJMUHBIX coue- 
TaHHAX HNCelaTepaIbHbIxX pas\parkeHul, Tak WM MpH KOMOMHMPOBaHHH UMICce- 
H KOHTPaJlaTepaJIbHbIX CTHMYJOB. B OOouX ciTyyaAXx Takue adceKTbI MOXKHO O6- 
Hapy2KHTb y2Ke B KJleTKaX JOPCasIbHOrO pora, YTO C HECOMHECHHOCTbIO yKasbIBaeT 
Ha KOHBepreHiHiO HMICe- HM KOHTPadlaTepasIbHOH adbcbepeHTHbIX BOJIH B STO 4a- 
CTH Mo3ra. 

Bos6yxqatoumt sex acbepentuoro umiryutbca MIPOABJAeTCA B KMOJUAalLeh» 
KJICTKe B BHe ONMCAHHBIX BbIIe PHTMHYeCKHX paspxaAqoB. B puTMuyecKH-aKTUB- 
HOH KJIeTKe OPTOAPOMHOE BosOy2KAeHHe BbISBIBACT NOABeHUe JOCpouHOTO pa3- 
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TopmMo3samui adppexT TpyqHoO OOnapy- 
UTb Ha «MOUalleh» KeTKe; OH OCOOeHHO 
KOPOWIO 3aMeTeH Ha PHTMMUECKH AKTMBHBIX 
JIeTKaX, B KOTOPbIX OH MPHBOLHT K Goslee 
JM MeHee JWIMTeIbHOMY MpeK paleHH1o 
DATMHYeCKOH akTHBHOCTH. B oAHUX cIy- 
}Hadx HaOmloJaeTca BbIMaeHue BCero JMUIb 
—2 IIMKOBbIX MOTeHIMaJIOB; B Apyrux 
WIMTEbHOCTS MepHola moxaBleHuaA ak- 
raBHocru MOXeT Jlocturath 0,1—0,2 cex. 
I eCPBOHauaJIbHad YacTOTa PHTMMYeCKHX 
Wpa3spAOB BOCCTaHaBJIMBaeTCA He cCpa3sy — 
epBble NMKH MocsIe «mepHowa Mo4aHHA» 
IMOryT HMeTb Ooulee peykyto uactoTy. Bme- 
icTe c TeM, Nocwe KOHIa TOpMOsaAero 
pobbexta MOXKeT UMeTb MeCTO «OTJaYAa», 
MPOABJIAIOULAACA B yUalleHHH pa3spaos. 
| Vismenenua MemMOpaHHoro MoTeHMasia 
Ke€TKH IPH pa3BHTHH B He TOPMOKeHHA 
|HOCAT Oomee CIOXKHbIM XapakTep, vem 
‘9TO ObIBaeT B MOTOHeHpoHax. Bo Bcex 
iCIyYaAX H3MeCHCHHA HauHHaIoTCA enowaA- 
| PH¥3allueH MeMOpaHbI, JocTuratollei, mpaB- 
la, He6ombwoh BetuunHEI (1 —3 mp). 
O6bIuHO Taka JlenoNApH3alluA HeocTa- 
'rouHa WIA YeHepallMH MHKOBOTO MOTeH- 
Masia HW ocTaeTcA JOMOpOroBol; JIMIlb B 
HEKOTOPbIX CJLyYaAX MOKHO ObWIO HaOwIO- 
JlaTb BOSHAKHOBeHHE Ha ee BEpXylilKe HKa. 
Jjanee jemomapu3salua CMeHAeTCA efBa 
3aMeTHOH runepmouApH3aluel MemMOpaHpt, 


baa (puc. 2, 3) uM flake AnuTeMbHOro MepHogal yuaujenusa paspanos (4). 
BOSHHKHOBEHHIO JOCPpOuHOrO pa3spAya MpemuecTByeT ycKOpeHHe HapacTaHuA 
OKaJIbHOH JenorApusaun (puc. 2, 3), Tak yro OHa MOET JOcTuraTh KpUTUYe- 
KOTO yPOBHA B [Ba WJIM Jlaxke Tp pasa CKOpee, 4eM OOBINHO. 


x 


6 [G00 


‘DD ucek 


lei 
Puc, 2. /—4 — puTmuyeckue ToTeHlHa- 
JIbI IpOMexKYTOYHOFO HeHPOHa BeHTpPaiib- 
Horo pora; / H 2 — 6e3 pa3qpaxKenus, 
3 — TIpu OJMHOUHOM pa3sqpaxKeHHu uMce- 
JlaTepaIbHOrO OoIblWIe6epwOBOrO HepBa, 
4— lIpH TaKOM 2%Ke KOHTPaJlaTepasbHOM 
pasqpaxkenun; 5—6 — pHTMHYecKue m0- 
TeHI[MaJIbl MpOMexKYTOUHOTO Helpoua 
MOpCaJbHOro pora (BHEKJIeCTOUHOe OTBEee- 
Hue), H3MCHCHHbIe OMHOYHBIM Ppasqpaxe- 
HHe@M KOHTPaslaTepaJbHOTO RopcasmbHOrO 
KopemlKa (5) H TaKuM Ke HMICeaTepasb- 
HBIM pa3iipaxeHvem (6) 


Ha (oHe KOTOPOH HM pa3BHBaeTCA TOpMoxeHue pa3spxnoB. Cunepnouapusalna 
HUKOra He MocTuraeT TOH BeJIMYHHbI, KOTOPaAd XapakTepHa [WIA pellunpoK- 


7 
S | soma 
"20 mcek 
t f 
‘Puc. 3. PutTmuyeckue NOTeHUMabl JBYX 


MpOMexYTOUHBIX HeHPOHOB, B OHOM H3 

KOTOpbIX pa3qpaxkeHue n. quadriceps BbI3Ba- 

0 TOPMOXeHHe MMKOBbIX MOTeHUHaIOB (J), 

a B J[pyrOM —HeT, HECMOTPaA Ha HamM4yHe 3a- 
. MCTHOH THMepnonaApusauun (2) 


HOTO TOPMOXKeHHA MOMMCHHANTHYeCKHX 
peaKUMi B JBUTaTeJIbHbIX HelipoHax. B 
HeKOTOPbIX HeHpoHax ee BOOOMIe He 
yWaBaslocb OOHapyXKHTb, HECMOTPA Ha 
XOPOLIO BbIPaxKeHHOe TOPMOKeHHE PUT- 
MHUeCKHX pa3spsAyoB. B Takux cily4aax 
@IMHCTBEHHBIM 3JIEKTPHYeCKHM IIPOAB- 
JIGHHeEM TOPMOXKCHHA ABJIAIOCb 3amel- 
meHHe HapacTanua enolApu3ailuu, 
TIpeWWecTBYIOULeH BOSHHKHOBeHHIO IIHKa 
(puc. 3, 7). Bmecre c TeM, B He€KO- 
TOPbIX KJI€TKaX, B KOTOPbIX acpipe- 
PCHTHBIM HMINYJIbC BBISbIBAJI MOBOJIbHO 


OTUETIMBYIO THMepnoAApHsaluio BeNHYMHOH B 2—3 MB, He IIPOMCXOAMO Mpe- 
KpalleHua puTmuyeckolt axTuBHocTH. ITuKkopple NOTeHUMaJIbI MpeTepneBadA JIM Ib 
COOTBETCTBYIOWee YBeIMUeHHe AMIVJINTYAbI, KaK 9TO M XapaKTePHO WIA aHouIeK- 
TPOTOHHUCCKH H3MCHEHHEIX MeMOpaH (puc. 3, 2). 

Fy Bce sTO MpHBOAMT K 3aKJIOUCHHIO, YTO yBeIMYeHHe MeMOpaHHOrO NOTeH- 
UHaJla, HCCOMHEHHO ABJIAIONJeeCA OCHOBOM TOPMOXKeHHA B MOTOHEHPOHaX, TpyAHO 
PpaccMaTpuBaTb B KayecTBe HEMOCpeCTBEHHOM OCHOBbI TOPMOXeCHHA B MpoMe- 
XKYTOUHBIX Heliponax. TOpMoXKeHHe B MpOMe*KyTOYHbIX HelipoHax Oosbe MOxoxKe 
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Ha TOpMOxXeHHe, HMerlolllee MeCTO y HEKOTOPBIX OeCIO3BOHOUHBIX 2HBOTHBI3| 
a MMeHHO: B KuleTKax AJuleKCaHJpOBHYa MW B 3aMbIKaTeJIbHbIX MbIMWMaX KJIeWWHH | 
pakooOpasubix (”, ®). Kak 3To MoKa3aHo Celuac Ip NOMOUIM BHYTPHKJeTOUHOT} 
OTBECHHA, B TAKUX OOPasOBaHHAX TOPMOXeHHe OOYCOBMMBaeTCA He THMeplIcl 
JIApHsalluell MeMOpaHbI, a KaKOli-To ee cTraOusM3allMeH, TAK YTO BOSHAKHOBEeHH| 
B Heli HeOOxOJuMOli JIA BOSOyKTeHHA JenomApusayuu 3atpyqHsaetca. Bommel 
TOrO, eCJIM MeMOpaHHbIt MOTeHIMa KJIe€TKH OKa3bIBaeTCA MO“emMy-JIMOO W3ME} 
HeHHBIM B TOM HMJIM HHOM HallpaBJleHHu, TO s9:PPeKT TOPMOSALIETO UMIIyJIbCa 3é) 
KlOuaeTCA B BOSBPallleHHH MeMOpaHHOrO NOTeHUMalla K MepBOHavabHOH Be} 
wuuune. OtTuimuvem TWpolleccoB B MpOMeXKYTOUHBIX HeHpoHaxX ABMAeTCA TO} 
YTO CTAOHMM3UPYIOllue MpOlecch! pasBUBalOTCA B HHX He MePBHYHO, a NocwJe HE 
3HauMTeIbHOrO WenomApusyroulero (Bo3sOyxalomlero) BMAHHA He KJleTKy aq} 
(pepeHTHOrO MMITysIbCa. 

KoueuHo, JIA MOIHOTO BbIACHeEHHA M€XaHH3Ma TOPMOXKCHHA B NPOMeXKyYTOU! 
HbIX HeHpoHaxX HeOOXOJMMBI JabHeliliMe uccweqoBaHua. Ho BaxkHO OTMeTHTB) 
4TO TaKOe TOPMOXeHHe, XOTA H OTMMYAETCA OT TOPMOXKCHHA B MOTOHCHPOHAaXy 
HE MOET ObITb CBA3AHO C Pa3BHTHeM B KJI€TKe H83MCHECHHHM THNa KaTOAMYeCKO! 
empeccuu. MB 9THx KileTKaX KOOPAHHAWMOHHOe TOPMOXKEHHE, BbISBAHHOe OTM 
HOUHBIMH adPepeHTHBIMH MMIYJIbcaMu, He MOXKeT ObITh OODACHEHO PasBUTHeEN 
THNMYHOrO MapaOwvoTuyecKkoro COCTOAHHA. 


KueBcKkHi rocyapCTBeHHbIli YHHBepCuTeT Tlocrynusio 
um. T. I. Ulesuenxo 30 I 1958 


UWMTHPOBAHHAA JIMTEPATYPA 
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MAPASHTOJIOVH # 


b. E. KAPYJIMH u A. A. MUYEJIKHHA 


TENJIOKPOBHbBIE )KHBOTHbIE — HOCHTEJIA BOSBYJIMTEJIA 
KJIELWEBOFO CbITMHOrO TH®A CEBEPHOM A3KN 


( ITpedcmaeaeno axademuxom E. H. Taeacecxum 14 I 1958 ) 


{ 
I 


Tleppbie cBefeHHA O KJeWeBOM CbINHOM THe CeBepHow Asuu, koroppiit 
OCAT HbIHe K pyle KJlewjeBOH NATHMCTOM JIMXOpalKH, OblIM NowyueHbl 
amet crpane M. K. Anemupcxoli - Kpoutoscxoi B 1938 r. (1), coo6uuBeli 
BLILEJICHUH BOSOYANTeJIA OT CYCJIHKOB MU Kpbic. Hecmorpa Ha 3HauNTebHbI 
DK, UPOWe WM CO BPeEMeHH NepBOro COOOMIEHHA O HAaJIMUH ITOFO 3a6OueBaHHA 
SoBeTCKOM Corse, H OObiUIOe UUCIO paOOT, NOCBAMLEHHbIX STOMY BOIIpOcy, Jo 
x MOp CMMCOK TeMJIOKPOBHBIX XKMBOTHHIX — HOCHTeJIeh BOSOYAUTeIA KIeMLeBOrO. 
htHoro Tuda CepepHot A3suu Dermacentroxenus sibiricus — ameKo He mOu10H, 
OCTaTOUHO H3y4eHO H reorpaduyecKoe pacipoctrpaheHhe STOFO PHKKeTCHO3Aa 
1GCCP. 

| BbitBJleHHe HOBbIX BHJOB TeMJIOKPOBHbIX 2XKHBOTHbIX — HOCHTeeH puK- 
TCKHU — MMeeT OObUlOe 3HAYeHHe, TAK KaK MJICKOMHTaloOUulve H MTHILbI He 
IbKO IIPOKAPpMJIMBaloT TpOMaflHOe KOJIMYECTBO KJlelleH Pa3JIMUHbIX (pas pa3- 
uA; HO WM CaM cCOxpaHsioT BO3OYyAHTeIA. 

B 1956. r. akcnequnua Orfena napasutTosoruu Mucruryta snufemuosoruu 
mmkpoOvosornuu“ AMH CCCP pa6orana B CepepHom Ka3axcrane Cc lebi0 u3y- 
HMA IPMPOMHHIX OUAarOB PHKKeTcHosoB. JA BbIABJIGHHA HOCHTeeH PHKKeT- 

Cpe XKHBOTHDIX IPHMeHAach MeTOJNKa, ONMCaHHaA pauHee (°). 
3a MepnHox pa6orn c 20 V no 4 VIII Ono cape AoOnITO 1200 3BeppKoB U 
Wl, U3 HUX JIA BbIABJIGHHA PHKKeETCHOHOCHTeJIeH CepOlOrMueckH HW OnoMpoOamu 
IO uccueqoBaHO 1032 oco6u, oTHOCaMMecsa K 38 BUaM. PeakIMA CBASHIBAHHA 
MIJI¢MeHTa CTaBMJlacb C aHTHTeHOM KvJlellleBOro cbIMHOrO Tuda CeBepHor 
Buu. B pesysIbTaTe MpOBeJeHHbIX CCJeAOBaHHH BbIABJICHbI HOBbIe MpH- 
uble OUarH PHKKeTCHOSA. 
Cepomoruyecku c momompio PCK ycraHoBuieHa 3apaxKeHHOCTh PHKKeTCHAMH 
eNHOTO CypKa, JOMOBOM MbIIUH, JIeCHOM MbILUM, J2KYHTapcKoro XOMsA4yKa, CTer- 
bM MeCTPYIUKU, OObIKHOBeHHOHM MOJeBKH, Y3KOUePpeNHOH NOMeBKH, MOJIeBKH- 
KOHOMKH, CHOMPCKOH KpPacHOli NOWeBKH, a U3 NTH, —Apodpbl u wera. 3apaxex- 
MeTh BCeX MePeYHCJICHHbIX BHAOB, KPOMe Y3KOUepeNHOM NOeBKU, YCTaHOBJeHa 
eppbie. IIpu ucceoBaHHu OCTaJIbHbIX BHJOB NMOJyYeHbl OTPHWaTeJbHbIe 
3yIbTaTb! (Tabu. 1). 

Ilpupogubie ouarn 2TOrO 3aGOleBaHHA BbIABJIeHbI B AKMOJIHHCKOH u Koxue- 

ABCKOH © OGvlacTrax —- cTemHOM momoce Kasaxcrana. 
IIlpu npopefenun uccieqopaHuit MbI yuuTbIBalH, uro PCK cnetuduuna Taxe 
HUSKUX THTpax, MO2TOMY MBI OTHOCHM yKa3aHHOoe 3a0oleBaHue K rpynme 
eMjeBOH UATHHCTUM JIMXOpawKH HU, BePOATHO, MOXKEeM OMpeeJIMTb e€FO Kak 
lemesol chino Ttud CepepHo Asuu wim OM3KHM K HeEMY PHKKeTCHOS. 

Y TemJIOKPOBHbIX XKUBOTHBIX, 3apayKeHHbIX PHKKETCHAMH, TAK %Ke Kak M MPU 
-MMXOpalKe, OTMeu¥eHb! MaTOMOrMyecKHe H3MeHeCHUA BHYTPCHHHX OplaHos. 
aK, pu BcKpbirun 17 ysKouepemHbIx MoeBOK y 8 u3 HUX Opla OOHAapyxKeHa 
e8KO yBeMueHHad ceeseHKa. [louHoKpoBHas, yBemuueHHad B d—4 pasa Ce- 
e8eHKa, MOKPbITad CepO3HO-*HOPHHOSHbIM HaJieToM, Haliena UY OObIKHO- 
HHO mosesKUH. Mopckwe CBHHKH, 3apa2KeHHble CycleH3veH OpraHOB y3KoO- 
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PesynbraTbl cepouiornyeckHXx HcCeqOBaHHli C AHTHTeHOM KJlewleBoro cbINHOrO THpa 
CepepHoh AsHu 
a 


MccneqopanHe CbIBOPpOTKH UccaefopaHve ChIBOpOTKH KPOBH 
KPOBH 2%KHBOTHbIX B PCK OHONPOOHEIX MOPCKUX CBHHOK B PCK 
TeJ 
ae sci HC" lag max c nome-| queno.. | 3m6%0.| “unt peeyeera ill 
wane euno- | guuremetnet | xcsonmnx | OH, |_— 
poToK Pp Caonpee THTD 

_Marmota bobac 5 4* 3 1 — 
-Mus musculus 13 6 4 1:10 8 
Apodemus sylvaticus 136 16 4 1:10 
Phodopus sungorus +) 2 il 4 > 405 
Clethrionomys rutilus ZAD 20 1 1:10 7 
Lagurus lagurus 21 4 4 4 320) . 
-Microtus arvalis 71 11 4 1: 200% 
M. oeconomus 1 — 1A 17 Z 1:10 a 4:h 
Srenocranius gregalis 138 8 2 1:20 41: 
Otis tarda 3! _ 7 4 4 4.; 205% 
Carduelis carduelis 3S 4 1 1:10 # 
Sciurus vulgaris 5) pe _ 
Citellus pygmaeus 26 se 44 it a 
C. fulvus 7 4 — 
‘C. maior 1 1 — 
Sicista subtilis 6 2 — 
Allactaga jaculus 3 — ii 4 — 
A. elater 4 4 — 
Acactagulus acontion 4 = 
‘Cricetus cricetus 6 4 — 
Cr. eversmanni az 8 _ 
Arvicola terrestris 3 , = 
Ellobius talpinus 9 2 — 
-Ochotona pusilla 2 = 5 al = 
Neomys fodiens 3 1 — 
Sorex araneus 38 4 — 
Anthropoides virgo 2 — 2 1 — 
Falco naumanni 4 = 
‘Circur macrourus 1 — 
Upupa epops 2 it — 
Coloeus monedula 4 — 7 fi = 
Pastor roseus 2 _ D 4 — 
Passer domesticus 5 2 xt 
Alauda arvensis 4 fl — 
Parus major fl 4 — 
Oenanthe oenanthe Ly dy = 
Hirundo rustica 10 1 — 
Riraria riparia 79 7 — 


* B ourpe 4.340. 


YepelHbIX HM OObIKHOBeEHHDIX MOJI€BOK, aJIH NOMOXKUTebHbI pesybTaT B P 
c aHTureHom D. sibiricus. YBenwuenne cee3seHKH, THNepeMMpOBaHHble erKH 
KPOBOH3JIMAHHe B HaXAMOUCYHHKN HaOOMaH y 3apaxKeHHbIX PUKKeTCHAMH Cl 
OUPCKUX KpaCHbIX MOJeBOK H MOMeBOK-9KOHOMOK. PuKkkKercnit B Ma3KaXx 3 OpF. 
HOB CCTECTBCHHO 3apaxKeHHbIX 3BeEPbKOB H UTHIL OOHApyXUTb NOKa He yaoc 
Takum o6pasom, naroulorMuecKHe H3MeCHeCHHA BHYTPeHHUX OpraHoB 3BepbKO! 
3apaxKeHHbIX BOsOyAUTeeM KJIelleBoro cbINHOrO Tuda Cesepnol Asuu vu Q-m 
XOpalkH, CXOHbI. OTJMIMeM YACTO CYKUT JMU HaMyHe CeposHo-bu6pHHoO: 
HOrO HaJleTa Ha Cesle3eHKe Y HOcHTeteH Dermacenrroxenus sibiricus. 
Mncrutyt smMfemuonornu uv sMOpwomorunu um. H. ®. Tamanea Toctynusto 
AkayemMuu MequMHckux HayK CCCP 26°1V' 4957 
UMTHPOBAHHAA JIMTEPATYPA 


1M. K. AmumMupceKaan, Tp. Bcecotosu. Koudep. smugzemuosoros, MAK poOuoIOroB 
uudexuHounctTos 1939, 1940. 25. E. Kapyauu, A. A. Tlaenxuwa, JAH/Se 
Ne 5 (1958). 
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